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i'in'MU/At ACTION iH' WATHH IN NATTKK AND IN INDUS’ 

The rlunnir^l Hctinu t»f water in nature ant! the {>lKn 
liyt!rni;hrmit:al aetiviiy tihserveti in a large miinber of 
*>|itn’atiun% are ho eliHely relaltH! that ihtnr HtufI}’ wi 
iltierininr llu* eatiHes of’ tlifruniltieH willt water* and as 
H.iine lime In ,t diM'nvt'ry nf the neresnary reinrdieH. 

If w.tirr aetually were what its chcnihf'al fnriinila rc 
In tM% Hiiii|4y a enni|n*nnd iT hy«!rngen tint! l!ir 

and Irniihlr-H whnh tirinr when it is |itil In iiniiiHirial 
.irt''4\ h’rtiiii thin tHin-adrratinn ii in rvidriil that ihc^ fits 
walfU" in m ilHrlf.i iirevnilive ag»uti‘4 the vaihniH acritieiil 
arinr friiin the unr nf urthiiary wafer, in whieii in field in 
earirly eif nialler*^ |*rejtidii-ial liiaiitlfacllirtllg jirntreHHrH, 
llirHr liijtiraniH inihirii* en at uiirk v.ify itf»t mil)” at 
tfir iiatiirr *4 the jirntTH^ |ti wliiiii llitt wafer is ajipliei 
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action, exerted on the different bo<iies ..f wit 
composed, is the cause of various phenomena •' 
disintegration. 

It is owing to the prasence ol these guM-., 
to the further supply of carbonic acid whu h it ie 
over the earth’s cru.st, that the water is ab!.- i. 
and exercise its powers of destruettnn and de 
the hardest of them. 

This carbonic acid is protluccd h> \hv dtn * 
matter, as shown by Boussin^^ault, or tlu* oi 
of combustible matter, or of t!u' action ttf a. 
The different substances in solution which ! 
power on rock arc likewise tlu‘ caiiNC of 
and of iron general l\^ 

It is easy to understand that, if water v* * .if 
action in nature, it must tu'cessarily 
industrial use, and even (h‘ able to I'rl tin* 
endowed with a maximum of rcHiHtini: 
oxygen and carbonic acid and whh i»ry,a!ii* 
on the rocks water can convert «mIi>do»m. 
dissolve mineral matter, produce* c.irbuiafi 
metals from the substances comhiue*d tviih i 
The solution of ccanhined iiuialH tr' 
according to the co-efficie‘nt oftluar .i 

considerations relating tc» their firciaiipieaiuui 
As these salts are soluble watm' con! 
and calcium carbonate, whiclt arc ininntiiib Im 
processes; but the |)roportiou of the lallrr i 
siderably, according to the amfUint mI' cai’tw» 
As calcium carbonate Is stjhilde in wain 
acid in solution, calcium hicarhitiiair l*i 
magnesium carbonate, whieJi yields rvni iim 
acid. 


('UKMICAL ACTION OF WATKK. 


clf|H)sits of calcium carbonate in tht‘ form of sralt\ an 
bh'achim^;, troul)lcsonu‘ reactions octnir through the In 
metals of the alkaline* (Mi1hs bein*.,^ fixe‘(l by the fatty m 
soap used for sctairin^i*, rcssultiny in an insoluble calcar 
pound taitailiny a cp'eat waste* o(‘ soap. 

In dyeaniF iht* formation of lakes whi'ii \vat(*r is (iu'i 
calcit* carbtiuatt* {'urnislu's us with another t*xam{)U* ot‘ tl 
of carbojut' at'id and i'.olation of caK*iuni esirl)onale, tlu 
this (*as{* bein‘j wastt*lu! pre'cipitation cif tlu' ciilouriiu^ 
Ilaviu].* instaiu'ed some* of the effet'ts associate*d with 
wate*r, find slunva tin* re.e^in th these* elfe’ii*. both in r 
in the inihCft rial art*^. we pror(*ed by deilui lion to di‘tt 
rmntnlit*-. necessar\ t»» tonntriam them, 

To bepjn w ith, < .ire must be taken n« t to m.c* water 
lime s.ilts in an\- ts »nside! ,dde t|uantit\\ it vexatious trou 
f>e avoalrfl m th«* workshop and tht* fat lory. If a calcar* 
must bt* U‘-cd it uni' t first be sotiened, 

rius ptelimmais- toiret titai t taisisp, in eliimnalini*, tli 
acid b\' lirm'dity the vVfUer !«■» tla* boilii}|» point m .i * 
PfiffitiFs tU' 1>>* precipit.U it »n of the* rarb«»nit »ici«l in *i \c‘*s 
iny, mdk of liuM* «h soim* tiiht-r i hnnic.d reayeui pu»'%Hrs 
sainc* propert)'. 

Prc’cipitation simil.ir th.il c,d« nun carbonate t^di 
the isisr of Wftter tiuj ir«*ipiatrd with in an sutii as iniin* 
lliis Inis tK*cn sufficientl)' deuionstralci! b\’ %t. Kibfiii in i 
Irratisf* kiid bv Inm Udon* the Acftdeiiiir des Scirin es, 
iini\" appl\' ftt iittu prf'c ipil.iU*s wiiiili ratise difiittillirs 
indusina! opeiMtitius, 

C 'aliaum sulphate indiu'es deposip* as the* ri*sii|| of 
I isifislni iiialn Ml and .dso in fernis eif the n s-rfiit’ieiil nf its 
'Tlir-.r iiepo-al'f att* I I'MUldesomt^ ill |.ir* tporl i« HI *|s liic’V' 
aiiti adhen-iif 
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aluminous and magnesian rocks, anci coin 
elements and the alkaline earths tt) prochi 
In nature these sulphates find suhstar 
their reducing powers ; and so also in imh 
as a consequence of the use of water coni; 
phenomena are liable to occur. 

In boilers reduction of the ferric salts tal 
of the iron plates, and this is as liahk* to 
aluminium as with ferric sulpliate. As a 
the sulphates by organic matter, sulphi< 
transformation takes place in natun*, fuul 
operations, where it is an evidcnice of sun 
As for the chlorides, sodium clilortdr i 
dissolved when water i)asses over beds of 
that these rocks are protected b}* imperme 
would soon be carried off altogetlier by the 
Sodium chloride is readily diffuse*! thro 
contact with water yield the salt in sulutioiu 
owe their saline character to infiltration of 
Sodium chloride operates on I hr oh 
being frequently assisted by the preseme of 
different elements of the rocks Ijecome iiiiji 
and eventually the water is ftaint! in foiit.i 
of potassium, of magnesium, cali-uiin ainl 
are the cause of trouble and «lamage in ili 
shall have occasion to oliserve, for exaiiiplf 
in other crafts trouldes arise frinii llir i 
chlorides on metals. 

On the other hand, in certain iiifitisii 
water is not always preferaf)le to water * oi 
in solution. For instance, in dyriii|*, 4 * 
advantage in the apidication of ali/anrie 
Again, in brewing, the process of inadi! 


CUAV'VKK II. 

iii\lVi)SlTH}S (U* WArKKS OKUilX Oh I'UO Sl’UST.VNC 

(‘(KN’t'AIN. 

In ;i w.i>\ ail watfr is iiu|mrr. 

Pun* waltu' that is in sas\ uatrr with a t taupusilit at 
in flu* stauntiih i'<u'iuula 1 ! < ), or a uunituMaliuu of two \ 
h)a|r«»|u*n with *aio v'ohnnr of ovyi^ru, without aiiiuixtii 
a trat t* of ati\ «uhi*r sul>statu:r is not nui with in nalurt 
histillrtl watnr is ihr t\-pii'al ptiH* walrr olUatiun! by t 
stoatu. Atlltouyjt .1 sunjih' ont\ tlir prcHTss rrt|uirrs ran 
All watrrs fontaia forrii^n suhslaarus, such as ntir«jya*' 
acid, aitntcs, nitrates, sul|»hat«‘s, chloridc*s, t'arhoiialcs 
fiotas.Hjuiii, Hodiuia. calcitiin, and laaifnesitiiii ; frrroiiH 
salts, Hilicalrs and salts of ahnniniinn the naluri.% assm 
|ir«»|>urtion of which fniablr us to dis|iii|tuisli bctwrcii ll 
waters and to asiawtain their origin. 

Tin* ortuJtJ any wwlvt may thus hr licUrrinirtfsl I 
I lira I ii ai. 

\\‘f' may ejassify ihr diffcrnil kindn of water as fulha 

I Rain. snow. h#ul, etc, 

f hdinary watc*r : well aiitt s|-iriii|r waters; riiimi 
tali'airiHis and selenitic walersd 
Sim watfU'. 
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and he will be in a position to «l.|.l>' ll»' "'-"--‘t.' 

methodical manner. 

I. Rain, Snow, !Iaii.. i<t« , 

The water on the surface of the earth i- “ulMe^t f 
evaporation, rendering the air more <.r lesn hnuu-i. Hrn.e fl„ 
atmosphere contains a()ueous va(»oiir, hut in . i.»ii.in.. 

greatly, according to a emulititm of the .ainu^plu-r.- kn-un -i - u . 
hygi'ometric state, 

This hygrometric conclitinn Is the n\ih ihr im-r.mr *4 

water-vapour and the tcun|)crature of tlie 

The air can only contain a certain tleliniie ^4 m n luir 

or of water-vapour at a given terii|H4*4tiiie ana! I lir 

humidity of the atmos|>l\ere is therefore hiinlrd, and Hhrn iliat 
limit is reached the air is said to lie saturated 

At this point the sur|)lus is ctmclenHal atn! li.e i-. m ilir 

form of rain, to undergo anew the proci*ss ul rv4|H»ralMti , mA \hr 
drier the air and the stronger the wind ihr morr rapidU thv, 

evaporation take place. Ah a result we havi* ilir foini.iiiMn 
and clouds, and these betuune visible thr iipuiieni thr irl.divr 
humidity of the air has fallen behnv the poinl «4 

In the case of clouds this con«lertHation «4 llio vaitMUif 
either by tlie cooling of the atmosphere, or by the )< 
cold voliiines of air driven by llu* winrf with warm mt rli.it -r I 
moisture, 

The condensation of atiuetnrs va|Mmr in Ibe 4!tie.*-vpb4rf .i u%4% 

also be caused by the prerximrty of inotiiilanvi, 

ture cools the volumes of damp air that swrrp over ibrtn 

If the clouds are neither kept up by aHerii«liiig n^i 

are in a drier atmosphere, condensation takr’>4 plive and r. 

formed. 

When the temperature of the air ei fnd«m-‘ /rm, 111 - 4^44 1401 

crystalline substance usually kWs which call . vnd i^vidu 
ally as the temperature falls the downfiill of 'sfiiHV sfj 

proportion, 

Snow continues to fall until the tcmfatraturr nwlir-. aIkimS -• > 
C. Under these conditions its formaliun may Is? .i-.'ti.iir,! In fttr 
wind, but it 18 very scant. Helow 20’ stuiw i’*ii,if4ri»«»»ri iirrrnir 
Verglas (a mere glaze of ice) is causjxl by rain m 4 irwjwfatnrr 
verging on zero falling upon a colder soil. 

Water crystallises in forms krlonging to the rH^nid#..hr,lr,d 
system. Snovr i.s composed of a certain number «»f small » n 
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xisually in the form of six-rayed stars, in the centre of which is 
scanelirncs se(*n a small brilliant crystal, hexaj^^onal ii\ shape. 

'riu‘ specific |.p’avily of siU)W may he stated as 0‘I0 when new!)' 
Idnned. The results of examinations made by diflerent authors 
var}' as nnieh as loc:) \)cr cerU., but everytlnnj^ <lc|>eiKls on the 
<’onditicin of the snow at tlu* timt* of examination. 

Hut wliatever tlu‘ form of the at|ia*ous meteors^ bet it rain or 
^mav, not\vitlistantlin‘.j that tin*)' are the purt'sl water, they contain 
t»ase*s c4 atmospheric ori|.p*n. 'ri\is is <»win|.»: to the solvent [anver 
of the watt'r, and llu^ amr>iml of such pastes hehl in solutitm must 
vary with the* t<}mposilion of (he air and llu* condilitms of the 
atiiHwpIu're as reipinh. prcNsuie and lempt'rature, and with llu* 
seascuL 

Amon|» ila* phases jnimd in solution in rain water are ox)^l»c*m 
tuttt»|*eu aiul c^uiionit' acid. 

In adflUioit to thesc^ panes tm^leoric watt*rs contain salts, such as 
lla* carbonate, nitrate and chlorith* of aunnoma. sodium chloritie, 



t, Snuu oahuK*. 


tile proportion of whic h is very apiaeciabk* in waters found ttear 
the sea, sodium sulphate* and calthim saits^ 

In proxinhlv in tht* sea iiHUeoric walcns alsocoiiiain iodidesand 
firomidc's, 

Idnally, the* oipanic inatler which is always found in the air is 
carricsl down liv rain. and. as in the case of comjwiimds of anuncaiia, 
du* «|uantti\ ol ihi^ c«fe,arut' niatl«*r is pn^atcu in tin* vic inity cd 
centres of population, siuii #is larpe citic*s, 

hh'om tlu' mvesiipati^ais t'onducted lyv (’halin wc* may rott^ 
chide* : 

t lliat at hai'is, when the wind bloxvs in fnun the sea, chlorides 
arc hamd in preat 4 *r pro|wulitn) in rrdn water titan in tlu* water of 
the Seine ’ tliey abciund in tain water near tlie sea, 

j. '! liiU llir ram wsilrr cd tVniral l*>ance and td’ Faris contains 
a consjilrialde atuoiini cd sulphates, nicsre so peuerally than the river 
waters. As a rule* ram water is not as lu*axily charprd xvilh chlorides 
as river water, 

* itir 4«it«8sc itwlii l»Wl wr h^vr liriltid4U?cl il 

Awd !t«o. Iht i 4 ^r« in sncimir 4II friWC ihr skir?*.'- -' t 
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3. That the salts of calcium and s«Hlium arc- in 

appreciable quantities in rain water. 

4 That rain water is found to contain Honu- n.truj..-«MU . ..ream, 
inatter which may be considered a mixture ..f atnun.n.a nUnatr ami 
ulrnic acid. This organic matter alK.unds in the !..u.-r i.n n ■. . i thr 
atmosphere, and rain water contains as much a-.- cu.i; j'c.onmr jt.-t 

litre. 

lh% ihf r « ■' ' 




Nitrogen . 
Ammonia . 
Nitric acid 
Chlorine . 
Lime 

Magnesium 
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5S 
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Analyses of rain water when ccillectrt! *11 ilir r,isi-. 1 . iL'.'rii 
made by M, Barral show a resitluuin t»roti.?iH utMumr lnir 
The presence of ori^anic niaiter ii .tdlMuf t-- 

preserve rain water, because of the iilijecliiinablr -.-n ai,. K. 

matter undergoes. As the result such waler in^y W rcmlrtrA nuh\ 
for domestic purposes, and injuriuus even in iiidn aiMl r 
This is frequently the case with rain water i^-dlreird Hifli-n! 
sary precautions in ilhkept cisterns, when it h liaUle |o ,v.r 

germs, under which circiunstances it is nut fit h»r t 
Rain water, generally sj^eaking, is the jnirr^i ui' 4 II 
and it will be found advantagetnin to il in ilir iil.irr otlit.-i 

water which may have proved detrinienltd to iiidii*4rnil r-ivr . 

Rain water is often usetl itiHteiul tif i;li^4.dir»! w^lrt m ihr pu 
paration of most of the baths retjuired in jitiniogf4j4n 


3* Ordinahv Watkii. 

(a) Well and Spring Waters*- tJwing inihr imr.m-. nmur .4 
the rocks of the earth’s crush ami ti» the cracks *tii«l r4iili^^ Ilf ring Its 

them, the water falling on the surface of tlu- earth »•. I*. j». »»»-«.»?« 

into the ground. 

This water, charged with carbonic-acid gan and oxjk j-jr*,, 1,4-. 
powerful disintegrating action on the material »»f thr tml.r -...m. 
of whose constituents are chemically attached .ind carts«-il .mat, »■ 
solution. In this way the hardest rcKks an? worn away 

By reason of the principle by virtue of which water . 

the lowest level, the.se waters in their passage iiit«» thr depth* «»f sh. 
earth absorb more and more carbonic-acid gas, frmn thr alnmdao? 
supply afforded by organic matter. 
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I'hc watcrr heini^* thus* strcrif^thonccl by this fresh accession of 
i:arb(nuc fjjias, the phenotnena of chemical activity become more 
marked. 

As a conscc|uence of the phenomena of oxidation, carbonation 
and d<H:oinposition produced by {ho excess of carbonic acith the 
water h^ses more and mtu'C' of the tt'asi's^ especially the carbonic 
,u’id, which dissolves the limestone rocks with the K^reatest ease. 

'rht‘ ptainealirm (d' the difhTent ^molo^ical strata h}' the water 
is arrested when it ctmies in (.ontact with an impervious bed, and it 
luTc collects and forms subterranean [jooIs. 

*I1u*sc* under|4^nnmd reservoirs, which sometinu*s an* of a capacity 
sunhicait to form n^vpilar lakes and subterraiusm rivers, ftaal tlu* 
sprinfjs and wells. 

A sprinit theodurc^ is prtjclui ed by an inulentmund tlow of wattn* 
emerjpnit from tlu' ^troiimL ’The tlinstitJti of this flmw may be 
asctTlaiued by rhuennitnnit be,irinK[s oftlu* p,euio|.pcal strata. 

I'hesi* nndta’ip’otiiitl boilieH n^f waiter are tlu'rr?fi>rt' relaiiual h\' an 
impervious stratum. 

lU” sinking a shaft in the p, round down to the uaica dint* a wed! 
is formed, 

II llu‘ spfit at whit li the hnrinp^ is made* is at a Icntd t oiisuleraldy 
lower l!um that t>f tlie hi^jhesi peunt t»f the water tajiuainiirj stratum, 
by virtue td the piimaple illustrated in the syjdum the watta’ ilUits 
compressed strives p» reai h the highest watia" mark, ami spurts out 
as an artesian well. 

In sinking wcdls thnnigh diffiTenl strata ronsecutive sheets 
n( water are fretiuently met with. 11ms. when iMwinii the well for 
flu* oiilway sialiort at Sairti^C )uen, M. Miuliat came across live at 
dt“pllis o| jfi. 45 , 5 t, 5 rj and (»ri metres respectively* 

Thai tlu^'4* artt*sian wells are sometimes of itreal depth and 
tiirnish a ism aderahle yield is shown by the followin|.t table : 


I s*C «tirSI 

C#lnillf’13r .... 
I’MtUn 

H^miC IHjrU U4tlv^4% HC4UUS1I 


Orpih *(t8 
V|H 

. t-e* 


Vi«ft4 mirnice. 


1 hr ipeaer the dc^ah «d the well the higlter is the tcanperature 
of the water 11ir ratio of increase hus lM*en ascertained tc» Ih! I " 
per .*5 mcMre^; Inn this trm|KTature is mdefamdeiil of the iitmo- 
‘^dierr' abo\e ipoiind. 

Water rising from deep wells has a tem|an%iture higher than that 
of the m w’hich it I'^^ues from the grounil 
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The farther water travels from its sourtT ll»<* ‘r-.i. thr 

more does it become charfrerl with salts (»f .itiin and 

and more especially with chloride of liinr. 

Spring waters contain large ciuantitics of carlxma .n t.l, .«i.! huh 
oxygen ; streams, on the other hand, an- inon* hudih 4ri.u» «i 
If spring water is clear, not wi river wahT. nh«h ...L.-.f , th,- 
rain which in its flow carries along nrgann and •iln nnr* 
such as clay, sand and earth, 

This matter remains in susjK'nsjon in the Wiit*-*. and hukI 
diness thus occasioned is generJilly more noticr.thle ufn'ss t!s< -a ii. j j 
are in flood. 

In the Hydrometric Service of the Iw'.iti of thr Srim six- .J«-ru r 
of transparency of the water is deterininetl lolLni, -i 

A white object, one decimetre siinare. is iuimervrd f<> .* ..} 

30 centimetres in tlie water to he le‘*ted. 

If the object is distinctly visible the water 
Ifthe object is indislinclly visible the water i-» , ..!i o.!e»r ; ,1.,,) ; t'uS 
If the object is invisible the water i«i ttirlrid 
The gentler the .s1o]ri — in other wonis, tfje nl,n»rr the , n*. 

the more readily is the suspended matter in the waSn ,! 

This deposit constitutes the slime, and ihr mg-inii in-sto 1 -a 
which it is composetl combines with silicmn'. wiha.oK ..av. 
of calcium, with alutninitiin and with oxide of iron. 

The series of tests of Seine water made by M Af 

at Port 4 -r Anglais, and e.xtending over a .4 

gave an average of 3yf»6o grammes of slnne j*er « jitm iih lo rh,- 
maximum weight of slime (x!r cubit: metre stm*.! at r.if. i j 
and the minimum at rjso grammes 

Analysis of the slime yieldetl the f«H»*wmg }iroj«»r!*on» »4 , mortal 
matter :~ 


Carbonate of lime . 

Peroxide of iron and of aluminium 


I 1.:. 


Water described as clear, following the jtracjue .4 shr }h 4 .o 
metric Service, must contain less than m grammr , .*•» 

cubic metre. * 

The proportion of slime present in water varies « m 
1 erent riveis, thus the Durance at Menimlol cootam^ an atfr,*}**- 

ot I '454 grammes of slime per cubic metre, while thr Var at I w t 
contains grammes. 

the^wi'J 

nc water is so van able* i t itaridi to reaififi nk#* ■ 

ofthe slime differs as widely ^ ^ 
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Htcrc is no need to dwell on the formation of nitrites and 
arnmtjnia, the latter combining, in particular, with carbonic acid to 
yield ammonium carbonate. 

Sulphides are also met with as a consetiuence of the reduction 
of sulphate's iu the presence of orj^uinic malter. 

It is worth notiu^^ that if river water contains nitrates, sea water 
is frt'e from them at a distance from the shore, 

(<’} Carbonate and Sulphate Waters. According to the nature 
of the urointd they have passed through, spring, well and running 
wiilers contain a greater cjr less (luaniity of salts of calcium in solu» 
tion. 

Such waters are ktu)wn as sulphate waiters whett the' proporti()n 
"of calcium sulphate present is considerable, say cjver 0’2(> gramme 
litre. 

l*his calcium sulphate has erUert'd into the composition of the 
water ihrtaigh the solvtuU acti«>n tjf the latter on gypseous beds, 
and frequent uccnrrence is c'xplained by tlie wide distriljution c^t 
this kiful of strata. 

‘rite Seine at ceriairt |)oitUs is very rich in sulphate, for instanct* 
in the gypsifenms ctmnlry hciween Mcndan and C1tateau™ldnVrry, 
where spritjgs are numerous, Hcyonil this disirici the Seine core 
tains barely ircH gratnrne of calcium sul|>hate per litre. 

‘fhe greater the cjuarUiiy of calcium sulphate iu water the mon* 
unsuitable is it ftir imlustrial aral general tfomesiic uses. 

Well water is fretiuenlly rich in sulphate, as for instance within 
the aresi of the Pare^ Irasin, where the wells liave fieen sunk in 
gypsjfVrous Htraia. 

Sulphate waters dc» not liberate calcium ''adpliate in contact with 
the air, .iiul refpiire to undergo N|Hndal purilicatitni before being used. 

riic’ t aUium carlnmate which is foiimi in water is altrihutablr 
to the Miivent at lion tjflhe < arbonu' aciti in the watt*r tm Innesttme 
rticks, The frcetlom with uinch tin’s action is extatcsl i^ in irivts’se 
proporlnm it* the tlegrce of tT\''sta!!isali«ni «if the calcium carlHUiate, 
Ntit only doe»> water thsMslve limestone and crystaliine nicks, 
such as arragoinle, but aha* rocle- eomjMi^ed of coin|MHiiui carbmates, 
such as dolomite, which is a tioubie carbonate of calcium and 
magnesium. 

If tlieqiianltty of « aUbuii carbonate heltt in solutiun tii the water 
exceeds i.r^ ipaiiiiiie hire, the ualer is said to be a carlninale 
water. 

The readinesH wiiti whieh any of c:arl.Kiiuc aei«l is lilRTatetl, 

with 4 consis|ycml pret ipilab«iii of tht^caleiiim carli«matr, lorbitls the 
lea" of carbaiale wals^rs in many mdiistries. 
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Salts of lime arc prejudicial to ut-arly -wry iudu-.lu.il 

and every precaution must be taken to {(‘••‘'’d t it in. 

We vvill examine, in separate eliapters. th- hv 

nrN. nticl the* *’“*** 






3, Ska Watkk. 

The composition of sen water varies yr-atSv'. -‘nd itv- i«- 
analyses differ accordinjj as the sanii»le is taken *•'! the di.n 
a distance from land, from the surface or inun the h-.ti.mi, 


'.y If ■» t «f 
r yf 


region or in another. 

Ill * 4 ib *4 




Sea water contains a large iiuinher 

4 SH r ■< 


4 

sulphates, bromide.s, iodides, etc,, hut the 

liijl 


4 tltfy 

i':. 

chloride of sodium. 




til. Ill 

The quantity of chlorine in a litre of ■ 


II ri 

Ti ir'.' 

200 grammes. 





This chlorine is in cennhinatiun with im iilkali 

isirlyl 

-j | .|5 4 4 


and sodium, and with the metalH nf ilir 




•-uitll 

and calcium. 





Magnesium chloride plays an iirip**rU 

ml |ms 4 y 

ihf’ 


n-ic n„| 

of corrosion set U[) by sea water. 





The salinity of the sea is tin* sum t^i 

, 4 ! lU llir 



4 -isll'j . 

and is determined by their ioUd weiglit. 

A*-‘ 4 



1 i‘ y r 

35 to 36 grammes per litre, chloritle of sn 

«tiuiri .If 

t iilfi! 

h: 

. 3,1 IH 4 S|| 

30 grammes, while salts of jiitagne^a“iim 

III ivill* i 

Il My. 


! 5 y M 

great measure owes its !«> 

oiir 


^ 1 ! 



weight of saline matter. 

The degree, of salinity of sea water vaiic'* yrr.iilv, !« hsijsvi 
in the tropical regions near the Kt|«at«»r lh.i»i in tin- . n. 

The temperature of the sea is far Iroiii tw'iiij' .u »4 0 s-: 

lower at a depth than at the surface. 

The mean annual surface t-in[H'rattire of i!»r \!rd»!eu.t«r .ui .Hr.» 
is about the .same as that of the atin«i<iphrfr 

But the temperature of the sea varies afsn »!ih ll«’ Uk 

mean temperature of the Mediterranean iustunmrr ^n.l 
lower, while on the other haml in autumn and tkinu-! n s. « 
than that of the atmosphere. 

Calcium sulphate, which is a cwusiituciii nf .d .- 

found in sea water ; the same remark applies fc 4 lx iiiiri i 

The constant acceasion of water chargrsi wsih raltnnn .4»t«<na«r 
would speedily saturate the ocean with that iit'i’r il IP 4 tli 4 i 
marine organisms — such as the coral insect, inollti^es. 
and echinoderms — secrete it. 
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Wv ^atluT from the observations of J. Davy that calcium 
('arbonate is foiiiifl particularly in tlu* neifj^libourhoocl of the poles. 

luyh (le|.[rt‘t‘ of salinity of sea water and the' diversity of the 
salts prt‘sent in it to most harmful reactions when it is used 

for mamdaeturinf.*; pur|u)ses. 

1 1 is ihertd’ort' impossibh' to ulilisi* tltis kind of wattT in industrial 
Mpeaatioiis without removui^^ the|.(rea(er part of its s*'dts and utterl\' 
elimimitin|.t tlujse which are s|)ec‘ial!y dtiriincmtak 

Later on we will t‘onsider the cdfecls produeed l)y sea water 
umler vari«»UH conditioms atul the methods of puritiealicm that may 
be rec!ujnmended. 

4. Dkkc Wki.l Waii-us, 

Dt*e[i well watc*rs art* the ouunnu* uf pt*rt‘olatit>n lhrou].(h the 
ddlereitl strata nf the earths t rust. 

In tins snnunvhai slow pns/ess tlu* n^iks arc* st'ouretl by the 
watt*r, nint h etfet ts a ilisinttnpalion of ilu’ir prineipal miut*rals. 

It h»lhnvs, a mailer tsnir*4*, that tlu* coiuptJsitit»it o| llu*sc* 
dt*t*p waiters must vary ctniHiderably ; but m aus* t*\ t*nl it musl be 
closely in kta*pin|4 with the characuu' oi the ‘‘romui in tlu* vieinil)'. 

In tlu*He waters it is usual tt» nu*ci with salt% tif calcium calcium 
carbonate, calcium suljihate ami tsdeium t hloride ; with ferrous. 
bariuiUi stulium ami potussiuiu sulphale^ ; with various iniru*ral 
sulphates ami with fernnis carlnMiate. eUs 

Water jutssiny, thnntyh pyritic strata takes iiji Mil[diat«*s con 
seciuent mi certain transformaiionN taking plarc*. 

In the slate t|uarries of Angers M. Lechatt*lier has assuretl him- 
self that d<*ep waters dc» mu t'ontain tlu* least tract* of frt*e suljilmric 
acid. 

Alter i«*rtain special plumonuaia f»f oKidation have* taken [ilact* 
in the o»cks iH-m-alh tin* surfaca*. the pyrites or sulphides are changed 
In* means of ovyiy-n into ^'ailphatt* <4 iron: 

.d“'rS I i I 

The* o\idalu»n of p)'rites which lakc*s place in the presence of 
wal«-r I luifgcsi with air rvenluall)* results in the production of hasic 
fiTru sulphate, uluch j[»r<*cipiiales tai the adjac'ent rocks normal 
frrru siilpfiatt^ and fn*e siilptmric acJcl. which lh«* ivatiT carries off 
in soliilion ; 

rdo’S i ^ FeySO^k-j t- -!lt..SCL. 

11it* sid|4niric aud prmliicrd as a result of this reaction attacks 
the afljaceiil rocks particitkirly hniestonr, forming cakium sulphate. 
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and in this way we account for the ihe- ias! aih T-.iu , 

in deep waters : — 


H,SO^ + CaCO, - Cast), f VO, * H,t» 

In addition to normal ferric suliihalc. wr .iIhu «imi m 
sulphate of aluminium, cupric sulphate, etc. 

By dint of exercising their «>lvcnt iKuvtn** .irrp « . .it.- tm.iU> 

saturated with mineral substances, which they snh>.c.|iirnilv .h-s«.u* 


on the ground. 

Deep waters are injurious in manufacture, Ih« » usr ir.pme 
■extraordinary precautions if serious harm i‘« i<> 1*«" avonlr.!. U. 
will treat of the.se later on imtier six'cial headtUK-* 


S. Natural Minkual VVAiHi-- 

By this term we understuiul vvater<* lliat at tin*)! *■ a ■ 
a rule a high temperature with varying .ntd 

fixed or volatile elements in solution in grr.itrr or Irv, ij»i.in!i!y 
which elements impart to them im'ilicirial |»roj«rrt<r«i. 

Mineral waters ma)', ncconling to ihcrr t lwmu.il t' an}... %!!(<. n 
be divided into five groups : — 

1. Chlorinated waters, 

2. Bicarbonatetl waters. 

3. Sulphuretted waters. 

4. Ferruginous or chnlylasite waters, 

5. Sulphated waters, 

We do not propose to dwell further on this 9 . .i 

by-branch of the suhject-matler of the work 


6. DtSTIt.t.KU W.VtUi 

No matter what the origin of water in rmtirre imrv )* , i! 
holds matter either in solution or in Hus|n<n-.«oo 

As we have .seen, rain water, which h the puri-i.! ii.un »4 !t.»?9n .s 
water, contains air, oxygen and hytlrt^en com}*omt<1r ms#..i;rn ajo ; 
various salts. 

Some surface waters hold so great a pro|*irin*n «»J . >! o . 

.solution as to render them unsuitable f«»r m.iimf4»Snijog ,, 

and to disqualify them, a /tirfitm, for the delitate 4*1.1 e%.Ht |.»r 
parations required in photography and pharinaty, am! ss» ih«- 
■chemical laboratory. 

All foreign matter held in .solution in water may }«• elonmaird 
•without the introduction of any other suhsiaiice, t»y tnrao-f <>! 
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t?vu[H)ratic>n and coruUMisatit)!! of the vapour, which 3''ielcls distillecl 
water, the vcluidtMU’ nicdiuin c^fall delicatt* preparatioos. 

nislillalinri is carricxl (Uit In' the aid of an apparatus known as a 
still 2 ), whit'h is (ajinposcd of a rctorl A, fitltul with a head (!, 
ctinumniicatin^ Ihna^ih a beak witli a wtjrm or coiled tube S, whicli 
is ininu'rstul iti a Htr«*ain of ctild water in the refri|:f(n'ator, 

'Tti prtHuanl to distillation, water is introduced into the retort, 
the Hrt* is lii»hteil, aiul tiu* worm is kept cold by turnini; on the 
told water frtnn llu' main. 

In a few numumls tlu' Nvaler^vapmir rist*s into the head, wlu'rt' 
it thnnvs off any idrei|»n mailer that may have been borne up by 
mtninmitsti atlion. 



It tlu'u passes mio the wtiriiu wliere, as the result of refrigeratittn, 
it is I tiuthmstsi and yields distilletl wafer, whirh sliouhl iKt adlected 
in perfrtlly clean ves^ds. 

Masy as the is, it retiuires |ti hi* ccmdiU'ted with a 

certain amount of prrcatitioii to ensure a product of the rtajuisite 
purenu’ss. 

d'i* iR^rpn with, tiu' walri' slunild In* Irsttrd as Htnui as i| issues 
from the still, and the isiHcs lion of it dtderred sa Icai}.^ as if in feaiml 
contain foreitps itiallta'. 

dlir water |o }m’ distilli*d may tauilain volatile Httbstiinces, such 
as rarhoiiic aci«! and ammonia, dliis is especially the case* with 
^^■alers passini^ thnstuj^h large t«avns, like tltose c»f the Seine and the 
RhAnr. lliese bwhrs are evapiraied in the still, and are found In 
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the first portion of the distillate. K«r all (tr.u ti. a! 5.11. | 
fore, this should be rejected. 

Owingtothe instability of salts of .».•! ..i 

chloride, water charged with these suhstauo-. 

consequent on their decoinpositiun. a diMdUte m.ja- «s!h 
ammonia and hydrochloric acid. 

As a first precaution the operation >.ls..»!.l n.a !<«- . .-ut 

to a finality, and the amount of distili.ite iolWird ,„jh 

equal three-fourth.s of the original volume <•( tt.sfej , so .. 

the last portion of tlie water in the rm.-u -.h.-n’d I**- 
away. 

Another method is to adil to the w.itei m ?hr n i.i!< 

applying heat, .some .substance that wit! tiave ihr ni.-.s -a .. .hi.ine 
the instability of these various olijection.dde » 

Thus, in the ca.se of water charged with 
is fixed by the addition, before distil!.Uioit...i uMeor omo rh. 
while in thc! caHC of wiit^r cunt 




substituted. 

Frequently labonitnry-ilHtillufl watrr iMimd t'* 
to the hydrochloric acid iiruduced liy the , j .. 

of magnesium, In this case it h well lu rrudri !lir 
alkaline by the addition rjf Hudimn of .r- t-- 

double chlorides of magnesium .’uul td'ltr mr*i 4 l -•! .iIWaU. v^lrr h 
are far more stable tlnui the simplt* rhluiidc-. 

Organic matter is also liable tub" ui 

It will therefore be advisable to ctraii ihr rciuri Uri.>ir 

commencing work, eH[)ccially if in tin? |iirrrdnu| ti-u 

made substances have hm\ dHtillec!, 

If the water contniuH urgathc m.illn, drs.idLiii‘^M 4 di-ir'a 
when three-fourths of the ainuuiil hc^n i:-:.. 

potassium permanganate may In* artdni m ibr in-i.ii 
By closely following the^^e in^lrwciiuiHd^aiiird 
that will be found suitable ftir all urtfiiwri , trai 

water of an extreme degree uf piirene%H fr<|iiitr 4 hn 5.4 

purpose, the operation must \m carrirtl ml 

A strongly acid solution of rnu-! 

added to the water and the tlwiillale mii’il irdr^silrd 
admixture of aluminium sulphate. 

As a result of this treatment the chstdiate will I,.' itrr .ij-; 
trace of ammonia, of chloride and of i»rg.»htt niiHirt < .?i. u 

than not the distilled water used in iiwnutettnr h^'s mui 
specially prepared, but consists of the water „hian»«i },v . 
the steam from the boilers that serve to tlrive tmdnwty 
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'rhis watt'f, which is ctjiuilly a product of distillation, is liable to 
the sanu* ohjcclions arisin^^ (nnn nuxhanical af^ency which we have 
had tH‘casit)U to luRici' in connection with distilled water projua'ly 
so called ; that is to say, h)alrochltiric: acid and amincmia are just as 
often founcl in it. 

It is important ia hear in mind that prt'parations intended to 
cotmteracl calcaretius deposits are (retpamtly introduced into steam 
boilcn’s, 

‘Fhese preparations, which an* often bought of tlu* manufacturer 
without any information as to their compositiem, oecasion decofU'- 
[josilion tdb»ne ftirin tn’ aucjther, ;uid the resultant nuatter is carricil 
irtto tlu* comkmsed vapour, so fiiueh so indet*d that the distilled 
water is rentiens! unlit for mamifaeturinR purposes, 

hatty matters an* also frequently earrit*d ovt*r, ‘Fhese arise 
from ^reastMiidil aceidenlally dic^pped into the hoilc*r t»r drivtni into 
it from abinit the Itdnkated jiarts td' such as the cylinder, 
tile sliflc*Aalve chest, and so forth. \h*itelable aiul animal grease 
*uid tabs characiefiseil by saponifiable fatty acids, an* particularly 
tlt*irimental i*» watta' obtaiiunl by ce»ndensalitm. d'his kind of 
water tlierehac* nhouht be carefully ientt'd bef<»re use, 

Atty fatty tir saponifiable matter may, however, he eliminaled 
by fiKirig its fatty acid with milk t>f liuus 

Inir consumption on luiard ship sea water is passed ihrou^t^^ 
the still. In former times a ship mi|«ht be obliged to carry a 
supply of drinking water eijual to ilnet* months* requirernc‘nt, 
winch of course was a heavy ta?c tat the stt»ragt^* capacity of the 
vessel. 

Nowatiays a very limited supply of potable water is carried, as 
the vesntd is futcfl with sjHHdal distilling apparatus, 

As a rule distillation is carriet! out on iMiard ship by means of 
a spri'ial d(*vice, by winch llie steam from the iKiilers driving the 
engines is colledetl and t:ondrnsed. 

In iHfiiH the I'erroy tlistilling apji^iratus was iwloptet! in tlu* 
bVriich navy. In this arrangennent the steam from the boilers 
passes thnnigh a series af tulnts Hurrciunded by a metal cold-ivater 
jacket. l*he steam is i/oiulensed, and the distilltni water is collected 
in s|H*ciaI receiver's. 

C3f course f«ir a water to Ik:? jM»table it is necessary that it should 
\m well aeratefl. ensure this, the water, on passing intti the 

aiiparaliiH, flows through a sjH*cies of injt*iTor on the principle id 
ific Ciiffarf! patent, the functiem of which is lo inject air into the 
liquid. 

Sofiietimes the rlisiiHiiig ap|iaraitus on fKHird nhip consists of a 
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Still in which the heatinj:^ (KHver Is supphVt! hy ifir %\\v4v ■,fr4tii ,4 
the engines, Under these circuinHtancrH llu* watrs nitt^nhu 
the retort to be distilled is sea water ptirr and 

By this plan the carrying over of fatly snann r:^ 
obviated; but the retort must be cleared Hi*bd tiiaisn .a 
and frequent inteiwals. 


< llWlhM ilK 




sni riill tl\ nl' t l lU \l\ ‘v.\i Ts is WAU k lliXsirHUiM!) I*‘RC)M TIIK 
t\tn stuiM. Viiist tn VII \v, n-'iM'is ch\ ruk notiAxci of 

u ATI' H. 

t. H<*IJ IIIMI'V ^'*1 C^IFI'AfX SaFTh IS WATFU, 
h4''i ihr f.ia I !h«il all umIc’I' r^kitaius 

biishr-^ IIS III fir 

U hrii uafr’i r. |.«Mur'i| air that may readily he 

iffriiiitsrd, iftr-^r’' .isT' lul I'uiasai aiul earlionie arid, 

t hi- .r' .ill ui ihe '-ame way hy the water, 

Ami si l*4nsd iha! \hr ..uf us lu ualer i^, .e^ a nile, I'ielun’ 

su iluui fir- Att ihr u!»ii»’*|«hrir 

I lir. nii.n a V Atv-r\ lr«au fhr « hllru’iiee in the eria‘ftii*itnit tif 
|4 smu .a f|ir--r hn ihr Wafer . m?'. iiiun- Hinijily «‘K prt'Hseci, 

jl 4r|Mua|-- ru!u,rK ^iiushru « . * ■ r'liiiuf’iii mI %u!uU«nu I'luH uxygeu 
fi lai iis^ar 45'^^« r;%f-4-| lt% nalrt lhais i''* iiilruyen ; in ulher 

ihr a « * rfii, '/f'u! *4 «s\yern Inr walrf 1*% ^»rt*ater 

llials ilia! -^4 u;4s*\eru 

I In f||r irudl'.’ *4»laifst*4 fiy Pedtufa, we firul that 

aliah 'U-i ^4 a l4f«' ^4 limli vseldra! |ivrsity4liree eilhie Cimti’ 

nirlre'i mI cyuv iii44r I3|!s 4”^ . 

\ sl iii .... 

.... It 

I S-I,;*! . J'l 

I lir .law ■■• «'% riiriui; itir haer lH,*eil deafly 

r 'i|4l4r4|r.4 h\ |irut%' .|U-4 I 

I lu" fifil ^4 !lir%r Lm srlrf^s ^.M|r!y illld hsfllitlH wllidl 

«|r« fs«»! irae I .* hr|||u 4 IH *“4» ll 

Flr»l LiiW* \i a luvrii iriiifierafiiie any iNjiiid %vi}! always t\i%^ 
-ailvr ilir '^aiur i•t4ll!fr^r *4 4 . iilialrvrf itie alnm^^filierie pre*4*%nre 

tile tllr iih---i%r4vril an |t|'«:s|i^ atlufial l*» lliat 

8si«:citid t*aw* When w^rral g.ra.-i are ifiixrti It.e^clficr eadi k 
ab'^^'nrlpal m llir 'aiisir iiiailfirr 4*^ if ll W'cfe bv itself* 

F la-sill r ^ j*r4 iitiri.4 > %rfiliril by iliiiHciF ll hrllciitV*^ thill the 
rfliiiffiii of 4 lrMj||iiiiMii III liir eanr uf varies with the 

till 
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temperature. Hydrogen, however, ban a di rflicirot uf 
which remains constant at all tein|H*raturrs, 

Taking K as the co-efficient solution of a ilial i-* |«» 
the volume of that gas dissolved by one litre of w^ler At I hr 
spheric pressure, and / as the correspoiulin^ tefn|>rr4tur«\ ur 
the following relations as found by Hure^-n f«»r flic^ '^iihfi^ned 
gases : — 


Nitrogen 
Oxygen 
Carbonic acid 
Hydrogen . 


K trujpHi ^ 

K > 


Another conclusion arrivetl .it ns a n>sul! «if‘ rv|ii«ni 

ments is that Dalton’s law applies only in ihc Um 

pressure. 

The figurc.s in the following table, frrmi ilu- eaU itbihni!-, 
by Bunsen and Carius, show that the fc..erti.-ifnt of •...lutuMo 
gas diminishes in proportion as the temp'tatnrr ..! ihr 
increases. 
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0*03717 
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0-03544 
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0*01713 

0*03389 

0*01675 ' 
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0*03317 

0*01640 i 

10 

0*03230 

0*01607 i 

II 

0*03189 
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0*03133 

o*otS 49 i 

13 
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14 

15 
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0*01478 i 

0*02949 
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18 

19 
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0*01426 j 
0*01413 j 
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0*02838 

0*01403 j 
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rtnnhinitiR with wattT. \vi* dc^scribe a curve to represent the solu- 
bility n| ihe^ie ‘T.alls, with tlu* abseissje re[)restnUing the teinj)eniliu*c 
iiiul the nnlinates tin* weipjit of salt clissolvetl [)c‘r kih^i^rainnic of 
litjiikl, \vc* have a fiipit'e th.it is eoiusive towards the positive co- 
t»rdinat{»s, 

In Heekiu|t In astaaiain tlu* sc>lubilit)' of salts at a temperature 
at whieli hydrali’s an* nii apable of existing, it lollows from the ob» 
servations of M. h’tard tliat tlu‘ line t»f solubility of the salt is 
repiesentcni In* a stras|.^lu hm\ ami its enadlicient of soluliility 
is a linear (mulion ul the tmnperature, which increases with the 
trinpmature. 

This function is thus e\pr f,*sst’'d ' 

K ■■ a p /#/, 

K staniluiy, for llu* rM.rffnjenl of solubility, 

,\«'cordui^« lo C ia)' d jjssjf; the cn eilitieut of st»lnbility of st>lids 
is the mnnh* siiliHtamr dis-ioivcs! in ifM i graniines of ilte s«*lv'enl 
at a Iriiiprrafiirr-. when tin* solution is salur.itecl at that 

leinpriatuir 

'Tins definition, lhtni|;!i faulty, is stsH aiTrptcsl, It would be 
nioif* rational I** adopt I* lard's ilr'liijifiou, w liirh ip’vf's the «s»-«*flicH*nt 
of sohibihly of a -.K.lief tn a Infthd at a |pvri» teiiiperalurc as the 
wrl|dH o alcuialrd nt ya'afliliiesi of that solid ilisM^lvnl ni HMj 
I p-aunues t4 iln* soliiii»ai when saluraird a! llial Irnn^c^ntliire. 

riiiis lilts «.o rllii ir III of solubilily Varies ai t'ordiiii* lo the true- 
jn^ralurr, and if iir%iily- always iucrcsisrs walh the IriniaTaliire and 
ni jiioporpoii wilh ii-s \analir»irs 

1 lir soliiiioii m| s«4als isallmdril with erriam rxleriial «ii4ii|4es. 
In llir case at a s«shd dnisidvril ill wsilrr, as il asHumr's the 

lifjuul tssndiilsoii s! afisoile. a ertiaiis i|ll4lllily of heal, and of course 
a lal! tHkr% php.'r in llir fniiprratiifr af ifir M:iiutiofc 

'Thr f.rmsr may Itr ihr case li llir solid l«» disHidvecl gives 
rise to rliriinca! acicai in !}ir lisjiihl ^dIvciiI, thru a rise of ieiri|Kn’a-' 
lure fwrriiis 

Tiir Ii41«nviiig may Im* said to lit' file laws that i{rivr'rri soliilion : 
Flfit iaw. I'lie tjiiaiiisly «4' a stdid lhal is capable of tKang 
dr^«»!vrfi iff a ls*|md is slricily Imnirtt and h always the Hiiirie al 
Ibr satiir Iriiij^aatilfr 
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Calcium Carbonate. — Calcium carbonate is ver)’ re.nlily suhihie 
in water charged with carbonic acid. .'\ sohitiofi s.ituratc"il vvith 
carbonic acid will di.ssolve 070 gramme of e.irlHHuUi- of linu- j«T 
litre at 0° C, and 0'S8 gramme at 10" C, This {iim-rr t»f snhiti<»i 
increases with the temperature, 

It is generally accepted that the carlKinie aeifl of water .uni the 
neutral carbonate produce bicarbonate of lime, or .tn .n i<l « ,»rh(ni> 
ate, which is readily soluble, lliiu'au recognises the solulnlitv ol 
calcium carbonate in presence of carlHuiie acid .ts the re ult uf 
simple solution. 

If water containing calcium carhoiiate in solntiori is hoded, tfie 
whole of the neutral carbonate of ealciiun is not preeijnt.rted , .utd 
we shall see, when we deal with unalyHis, ih.u Houiron nini H«ntdri 
did not lose sight of this point in forimil.i!iti}; thru hvdroti 
metric .system, and that they correct the restd!-. i.f thru 
accordingly. 

Hofmann found that 0-034 gnmmu* of c.dcinm i arhomur re 
mained in .solution per litre of water, while (‘new il?<ed iln- ,un amt 
at 0-036 gramme. This remaining carlK.ii.ite ..f limr e. j,,,. 
cipitated by lime-water, which goes tt> jirove that if is ynme,!.,k.ib4 
neutral and is not dissolved hy carbonic acid. 

It may be well to remember, vvith rcganl t»i the SMUilHlsSy ol 
carbonic acid in water, that it is far more readily sohibh- m watn 
containing calcium carbonate than in (Hire water. 

Magnesium Carbonate-Magnesium carlK.iuiie i. more ir.iddy 
soluble than calcium carbonate in prestmee ..f a. id 

Merkel has demonstrated ihut the soluhihtv of mayne-omn car 
bonate in water varie.H, like that of carlK.iiH; av id, avcwdim. th,- 
temperature and not according to the pressor,- . 

By varying the pres.sure on a water charged with , id 

ne obtamed the following reHult-H: 

One part of Mg CO^ m dkmilveti : 

At I atmosphere in pm parti wiii« mih i. ii 

a atmoapheroi In 744»ii 

3 H 

4 „ 1107 

5 If uo*r4 

® >. 76-0 „ '■ 

Engel and J, Ville have ascertaiiial that i.-mjjrratmr , 

. ■isrr-rryrrr.-sr--- 



I 

i 



scjLriinJTV riarrAiN salts in vvatf.k, 
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lilrp «4 w>rtirf 
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Hi 1 , 
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Strlf, 


At !,V4'^”. «=»r«lin4rv jirr«4^asr«* UMtrr chari^ed with rarhntuc 
giiH WiHj|*l ilrv^i 4 vr 2^*4 4 |«r*uniiir'^ luniiral I’Artw^mair cif inagiirsiiuii 

,|iiT liirr . liul At ifnt i ' ihr 4iiiotiiil 4 vc*ii aul>"’ J*4 ijraiimifH, 

Giilaiutn SiilphaltL MM. .Marii-^iLtr anti Krcn«) tU* 

litthitiaiitlr.iri liavr iii44r iiiiinrroir. r *^|tt*r!iliiriif h with i% view lu 
tlrtrriiiitir ihr nMliiliiliiv mI i:4!«. niin ■^43l|sh4tc’' in wairr, tiul tlu’ 
tiavi’ riliLiiiiril «h« ii« 4 -.iiw. 4 V'^ 1 « iri’r^-^ptnitL 
AsMtr#lin|,* L 4 ifr llurJuiulraii ^ il Likrs M I nf 

walrs at S 1 |m 4 %'r I in.iniiiir .inhpirMy^^ r'alnum ^ulphalr, 
hilt hr srisH^iir^'v hi 4 i^rnri'.il w^y that hr* rr^nih^i asr Irwi linv, anti 
thn'4* mI' M„. \f4rsr:t34*. lif|.Ti In hr** thr rHrrrt:! rr^aiilL^ 

%V€i||hl hr -if ailru lirnr- M. .\! 41 hi'v mvis, 

h’lMiti ihr r 'j. *4 M il «9#iiltl afsf^rar that thr 

*4aill alLnsi'^ iI-j ’ioliihihiy *1! t\4nti that af C . 

it *' 4 « 4 nhili!v r-j alrirrA ihr '->4111^ a*-, al 4 ^ . 

I hr‘ linr' rsf V * 4I* nnii 'iylisIniL* WHiikl ihrrrfoia* be 

Hiiiiihir llial *lr-M.filtr»| Ih' I i.H 4.n’>‘v4c hir ^ml|ihalr, an«l llir 

nirvr hr i 4 two hiir'* having ifinr ul rrlr» 9 grr^=t' 

ill is ^ \ 4 '^ I'hr !5 .rr wiili Hiiljilnir ; liiii ihf* jtMsn! 

4.4 rrlt'«*|..n'.r’ 5 '>iMii « 4U niin 'ml|ii|i 4 lr i.^raphii ally !r’-r^ a^ rniliialrtl 


1 i e> 

%v4 »,i hiU ? «. JiT - 
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Marignac contends that the ticgrw of solubility yjsvn by 
Poggiale at 20 ° C. is opposed to the coticlusioos «.I t-vriy <.thei 
analyst. He is of opinion, .siieaking geiierallj', that hi- iv-ult- an* 
too high, and that he mu.st have been led a-tray lyv rntaiii 
phenomena of .supcrsaturatioii which, at the lime that he ton 
ducted his tests, were not as well understiHKl a- they ate lu.w, 
Like Poggiale, he was able to fix the fna.ximum >•! -.••hibilit) 
between 30" C- 4 *^' 

For one part of anhydrite (anhyilroiis sulphate •*! imu- there 
would be required : — 
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If boiling water containing caleiuin sulphate itt is 

carried to a high temperature, it is fmmtl that at i.|«j t . imall 
and very hard crystals of that salt are jireeipitati'd >«i the P.iimda 
2 CaS 0 ,iH,j 0 . We will pre.sently see the imjwlam |wfi e ih mm 
sulphate plays in .steam boilers. 

The solubility of calcium sulphate is uialertally aifr. t.-d by 
other salts. Thus alkaline chloritles atui nilraie-i amt tnajpir-mm 
chloride increase the .solubility of ailciiun sulphate, atuI the tmur 
concentrated the liquid the greater the soluhiUty. 

Of all the chloride,s ammonia chloride is the mir thai m. rrasr-. 
its solubility most; nitrates, on the other hand, exert t^e a rn»»re 
powerful solvent action than chlorides, while sulphates ,h. n„i 
increase the solubility of calcium sulphate at all. 

From the experiments made by M. Haverjtor/r n wetihl 
appear that in order to dissolve one gramme ol gypsum wn* 
require 


162 cubic ceutlmetrat of a mlumm trf 
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N4CI .. 
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Ntf.a 


94 n 

H »« 

KNO. 
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320 „ 
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NH.NO, 



Glycerine also adds greatly to the solubility of mkium sulphate. 


nf' sakts is 


4 ‘.r«^il4iuc’'«l ili.4l It ui!l fls».-.n!vr in tlu‘ niihl Htaic (nu* 

|jrr iTttl . mI lli.il '4!tl|4l4lr', 

C hi llir Milirr h4iia|, . 1 ^ 1 l«.« f liurrh, ihr "4«lulii!ity uf" i^alciurn 

*4il|4i4ir i-'« ir»'ln«r*| n^ ihr |«rr*irn^r ul rar'lK»iji«.’ Scitliutri 

tliU-irnlc* h.ivr ifp-' ’..mnr rllritt. 

Llrirtt^ It i!kiI nr nlionlil Miinmlrr fhr ^nsluliilsty t»f 

iiiiir, f«*s llti"' 14 * «»!r44i!illy y^rd tu ualri |nirjtitatintn aiul nnt 

iiiilrr*|isrniU 4 n* ihr- ir hHin sliUrrrni « jjH*rnlissii4 tlt-ljriidcni 
sill itir u-iS' «4 n.ilsn 

thilhsll ili4t nt ririil llir I.h ! lll-il liinr hir Irs-n H«4tlb{«’ III llut 

than m n4!f'i« >in'l 1 I 14 I il^ nMluhihlV S"' Iwirr' 44 4f o" (*. 

4*4 ,il ^ , nhilr, un !iir s4hrr ham I, t/nltlUili *4il|ih,iU* lUli! 

^Cwiliini ^4ll|4l4fr 4fr I 41 4 I u «. » lluill 4l tiki i\ 

'I hr fj4h»niiir, nir ihr hriiir^'> hy Ihilhsn lisr llu" 'itsltlliilily 

ul' I II nr 


i: •:■ 


\^:h; -i.iltatn'fr iP'S.1 

«1‘5 1 s '* S I’r^S ??■>•} Jl?!! 

<?* 


I ’4 
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S ..- m : 




\ I ?3^m nnrni •> h** Mn Ii.si4 Ir4 fo 

« Mil* h.r>.v^ 4ir*l !lr . ‘;s .r-ri llir r«| ‘*¥4iiliil||y «»! lilisr 

!»} llir s4 Irsnpri.jintr l<f 411 ?n8;ir4’44l l||«4rilll»ir 

«-ulir'n$«4i -rl sip ni llir liinr !»?4 llir of Iir4l 

In ilif’ ifHii'i'j- .^4 In- Msiinrr ‘mill 

'illlfr-s |.4Sa'H I »- 4 -n i |r.iii 1 .,!i siliii tlir '■ailyir* I « 4 llic? *4,i!iil,$illly 

ssl liiiiip ,11134 I.I 14 I 4 rirnhnni'iir i4 s nsniii-44n« r-^ iiltrti il 

llir i>%% uir ^ 4tr !<» Im" l4kr!i : itiC 

rhiliiir 4 ii4; i'in.thu r4 tlir tin" iiirllisMi «»f inrfMr.ilistii* itir 

Il?lt||«^l 4fllfr’ 'si! nlii^ h %i iMlinl, llir 4rgfrr IllofcoiUf 

ihr ilrpirr *4 !r niy^^nilyir nl|lr}| llir milk *1 liflir W43 br*ili||llt« 

titr Iillf 4!n4i r.4 llir milk s4 hiiir m «4il4iii 4 

tti«5 il^r '« 4h mm liy-sitalr* Aii«l lhi»iliy tilt? 

:»iy|pm «4' flir iIm? iillir 

llir "j'C 14 ! %%r'ir 4[|l Isikni illlis tty I ..»llliy 

Ifl ilrtrt iiiiniisg llir tifitirr i%‘||tr}| }|r c'4rnr*i twii lll:^ «?X|it;’'ri» 

ineilt^ wnli law flii4mr4 1 |irrti|Ml4l«l . 

ff^tfll ftl 4 fl#|r iil- hlfit* * 4fl4 fVtilil C4ik‘illfll iiyilf*il€. 

kiiiiitl !ii 4 l IW r4 ^.im^rn in itif? ftirin tif 

iiilhyiJrtiii^ liiiir ■- 
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Aja^eaC dpU.ted C«Utl,. („.m ..u.l-- ,IU..1 1,,.., 
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JO I'Mil ‘ ‘ 

n'i}<)(l (<«i» |..n 

6 o ! ! . . . • <'■***‘4 

100 

At 6o' C. calcium hydrate fcryntaU) hm for fouanili i 4 o| I . hm 
has also the product obtained by cryntalli^aliun al 4 hm iniipt^Miiirr, 

In preparing a reagent for lime in the «4 ^V4i<*r for 

industrial purposes the solubility of lime h grnn^ilv r'4im4lrd 4t 
from 1*25 gramme to 1*30 gramme [rt litre. 

Calcium Chlorld6»^-4alcium chloride e* mw ilir 1110*4 
readily soluble in water. The pn^pmtiori di*-i^ciKr4 l^rer, 4111I ili«^ 
operation is attended by a considerable fall of l«4n|R4'4Uirr, vJinli 
makes it specially useful for the inanufacitireof rrfri:i:rr4tHi,i: ^ 

On account of its hygroscopicity, cakimii rhh^idr 2'-^ oiiirh iiHrd 
in laboratories as a drying agent ; aj |>rr criit f*l %4irr imt 

to dissolve it. 

Unlike the crystalline salt* the solution of aulndi^ai-j is,;d4 0iiii 
chloride in water produces a rise in tein|K4'4inrr, 

ITammerl has fixed the degree of ^inhitiilily of i.ilmiyi a hl'^yidr 
at between - 22'‘ C. and + 2ty$f ami Innn 
it appears that too parts of saturated soliiisoii 


At elegreea C, 


+ 7’39 
13 ‘S6 

^9‘35 

24-47 

27*7* 

a9‘53 


I‘ss.rf4a «f i Sif t : 


The formula of calcium chloritk crytuU h ( ',it I, ♦ f 4 1 i ♦ ,t«a 
it is the form of hexagonal prisms tertnirwting in pytiistiwii s »« 
drying these in a vacuum a hydrate is idiiaiiiwJ «*j the I Of III Ilk 
•CaClj + 2H*0. 

By .successive fu.sion anti solulifieatkm of ttie < ai I 

+ 6HaO Hammerl obtained a hydrate <if the fcirinHhi t ‘at I , « .|H t J 
Magnesium Chlorltle..-,M{tgne»ium ddoride t*. a flrlw|ur4.rfj| 
salt, and therefore very reatiy soluble in water. ,1 rnmn ,4 
fact water dissolves from 130 per cent, of ii cold i«i j«i |w» t mi as 
boiling-point. 

In the presence of alkaline chk»rid« it readdv furiw* .bajlile 





sMiJ'liUJTV M}- i |‘:UTAIX SALTS IN' WATKR. 2<; 

’4i«'h .ih Hi^ihutu in^i^iir^-hirn rhli »rstlr, (Ki>t*isHium-inaRiu*situti 
liilnrulr 4»a! 4}Uiii*»iiuiiii I'hliirMlr. 

d«»uhlr «hlutidr’^4 4ir‘ 1.41 inurr auhlf* than thr simple 
iitaiiurHitfiri » liUanlr-' „\ ilunfilr- rhimiih/ is |uuii«i at StasHfurl, rh,, 
thr ihtiihlr thh«ri«h* «*f iii4i:isf"‘4uiM 4 !n! raU/iunu wluih iiirm^* tailiV" 
fintr Hi r^ajnslril slf’'hqiiir-.^ r-n! %\-iih ilir lurniula 2 MgC 1 ,C. ‘a( ’L 

liill.-cr 

J hr « lilMfgilr *a uiariir^nyii an«i animniuiiiii lurni*^ ta’llun 

rhuiiiha,*! « rv-Til’. I.XII^t !?i'»f} i ), }| in i^unnH-photT with 

Sl 4 *i* 4 Htl s atsiahlr, llir haiiiuhi . Iml f hr ilnubir Halt 

r»| Hftdinin n-’H 4lir;r-% moIv Msih 2fl,c h f il!./h 

Whrit ihh-^rirlr ts !ii ihr pirnriHT «if* liiaRiirHiuiu 

«/arb*li4lr ^11 Ml I'i.ilrf ^ Vi hiMrsifr «»f niJ|p|r‘*aims i*-i. 

«ril Ihr Laiiiiilt 1. |i.r.\|i;;I.M i N 1 1 i wtiH }| i. r)- '4a Ihnt^H it i ihr 

|i»rill v4 ilu^ al nri”41r-i. 

In Tihiir,.: tin* Irnip'T-f .dtnr 4l «linh anIiVsiroiiH riiaRHt^^auiii 
t:lih«rs4?\ .^Iri I,, r-. slr-.-i^ # 4 . r-sh I. Ilnannas Haiirl 1 ! la lir «H.|iii^'alriit 
Ti IT*# yir4^ ^4 In-.iT |...f ||) 4r4lrH| inainsr-^mni rhhirnir, 

,\||4 t-h rhinal unit'i '<4 hral hi llir la-^r «4 

iinlH«h-5ai‘i ■mIiiii .jhli-<ia4r_ f*a «asr sissitiiM uh” ^4 walrf ati- 

‘4nrlN’'4 aU^ai! nini'i *4 Ijr'.i! .*sfo 

llin ‘inni «hhai«h\ s- hannl ni lat^n* s||.ialililir^* jfl 

'tra watrr -it hs,:! ihi'^ l’« 4ls!%’ ^4 :sai^pii I liiVi ^^alri Iroiti ihr 

.Mr.hlnt r. Lu InM -i ?H * | iMlIi 4 lliart ran i^'afrr 

Thi-i |ri-4 nlnit :*■) §^-/rfh.h, dv\v%A-v4 h% fhr iiniikr'cl hillri Tr4r 
ilirtt ilri!nv,:ui-.h4"'. '^alt r fr-f! ihr ^alnir iiiar'4ir- ^4 thr 

MriilT'i ruir .nr vs-Jns h r. in Lranil m "i.ill «lrf3i«r4 thr«'kir.4ll. 

!lv s. r^nlt 4 •n*r 4 ln‘ 4 i i4 lli.nnir ^411111 -^hhanfr ra*|iHirlr **'•*> 

fii^rillr'^ Ml < v!n-iJinU ’.< nil ^ a llr a Imsnhn al ity'4al-i arr ««!»“ 

l4iimh ^4 tin- l-'.ninda I, ^ fJI.IT 

till !|:H'-^r iirr41r'> 4 In^ll'alrd iisaipir^ailtil rllioritir In 

tr#*' 1' 4.r;-5.«^: :!4i ni! * » In 4« i4 phti ty and al I Ivi 

T, iir^anti 

M,:i 1,^ t ihi I .\!|p I f 2iiri, 

|*rl«ai.^r Tin’ }i|..inn!4i !tifr nf liy«|i«»c filmir achl by 

^ifiljilr t ah.4ii,i! Is ai i4 marninunn ^Id-nudr 

l lir i,.rtini4 rnaipir'-aiiiii i. lilnn4r iftlo liyirlfi«:lil«4ii: a^iil 

h allrii4rd ttatli innnamr-? in iridiHfrial a 

Htfi|y«|^ IfnTim' liar t ai nl ^fraffl t^illrfs,, 

IVatrr m-mnrwmt Uilnridr m stiliiiion pr*«<liirrH 

timrr W-n-^i r%|rir‘n%r 4V4.f?ii4iii|| In llir ini.i4iility »f lliat 
s4lt jirr’«rrii 

Wr ||. 4 vr 'ItwI afi iwfiily vrrifyifi|| iIiim 
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With water from the Hecliterranemi. which cscf, .. hu n.-ur rru-r. 
■getic corrosive action on iron than water taken Ir.en t!»- 

It is important to note that .lihns.fe u.av U’ |.|o 

duced, as the result of a double il n!4i.nrHn.!i, 

sulphate is in presence of other eiilori<le-« in w.ifei. 

Sodium Chloride.-()vvin« to the larj'c .|u.in!iiv ..i 
chloride in sea water the (juestion of the HeiUdnhu •«! ihr. .,il? ii( 
.-u^ imnnrtance. and has to la? taken into .n * ..mil ns the n .e 


of sea water on board steamers. 

Steam boilers fed with sea water rr«iuire *.jHr-M4! pies .ailion., t„ 
avoid the accumulation of saline «-ale, whi.li houI.I ■..«.«* ,mj,rdr 
the regular working of the macltiuei j* am! oth.-rw !•«- nnuir si I-or 
this reason a special extractive metiiml ..f Irralimois »■< .sdoptr.l, 
which will be fully considered later c.n, 

The .solubility of scxliuin chloride varies hlllew ith ch.!fuo-i i 4 

temperature. 

Gay-Lussac found that om: part of the tah wa * tit eiohr.l »« 

47H piirtM «lt Winlff lii! 1 1 * i 

a-|H „ 

In making a cold Hcjlutiori mnl Kr^i-ditlrv 1:111 

15'' C. 100 partj^ of it contairiHl j 6-J4 4ii4 s.n pi.slatig 

a hot solution and theft letting il thmn it' t i}ir 

quantity contained amounted in aorii |i,irl% 

Fuchs contends that .Hfaliutn t:tilori«.lr rqii.ilU in ^ 

and in hot water, that, no rn^ttlrr i!ir |Mfi'T 

of water will dissolve 37 ifir 

conclusions arrived at by I#ay 44 i^-m^, itiry mini, hi h%^ 
be erroneous, owing to the ildrclii’e mnUf ^mhuh ht- 

•experiments were conducted, in wtikli fir i:Mnp 4 Innr 
eliminated the magnesium chhirklr. 

Later on Poggiale hifi tif itir 

chloride, keeping in view the oiiservxlioii^ .4 I hkIvi .»i> 4 
with sodium chloride free from ail trace of cakium 4 in 4 %.if 

magnesium chloride, with the results that 

mated to those of Gay-Lussac, thus ptmiiig j<# 

l^ave been ill-founded. 

Now Gay-Lussac found that itio jwrts »»f ^s»dl - 

|$*il ptrto 0f -wiilifft cllteitit m 1 1 %* € 


35‘M 

»t 

4 « 


3$’«4 

l« 


mm"" 

40*3* 

m 

»i| 



He also found that at wo the solu^liiy **» grraict^ ittaii at 

I3'89‘ C. 


su^rmLITV nh i‘KUrxiS SAI/rs IN WATKR. 


IiRtirr » fnj the Huhiliility uf.nihytlrtius stHlium chlaride 

|ull«. »u % : 


ai - sif 

. .... 

ll ....... ^ .-I ’ J «l 



.—I .... 

ti . .H’H; 

M% #*14 

.... i(r(H 

^ .ir^^ 

. ,0 ^7 

|4 '’‘<1 ' ■ >!«»' 1 1 

l‘hr mitrii *j4liifiiU"4 willi ifii^i rosil^iiun ir»‘,| [Ktr 

Ctrnl, si, 4n4 li.r'^ 4 «|-r'frsily‘ *4 

lli-r drirjilv «4 itir -j* ilui *ti luf rr die variuiH «|U4nli« 
■liiM %rnl «4 na-luiitl x.lilundr 4 ! 1/ ; 


af atthyilrmii 
!>ih 1 hiw ihlciiick 


.iMVi p'"r I nil 


»4 »J5wi?*wm 

».Jit5*a»J4« SI »K"^a«s4>.a C 
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In connection with the use of nea water, thi- tahlr w.!l a*! ve f..r 
carrying out the “extractive rnethcKl.’’ the «h,<h in 

based on the density of the saline soInti«>n. 


2. KIU-'KCTK on THK lUilMXi- W' \ I S i. 

When a liquid is heated to the tlegrer requireti l<> » ..jHiur 

of the same tension as that of the liquul it->r!l n i- If-.il ; 

bubbles of vapour are then fonned in the iiiirnu .4 ih.- hquitl. 
they rise and burst on the surface. 

Any transformation of a into v.qN.m e. 

tion, evaporation being distinguished by the .4 -D .uii t.it 

the surface. 

The phenomena of ebullition are subircl t<« »riT4isi Lsh . 

1, Throughout tlie period of (joiliiig of a liqm*! tin i« »rq« j.jtmr 

is constant, and this degret! of teinperatitrr i>. tl«- b.dnij* 

point. 

2, The boiling temperature of a Itqui*! . tdir- j*' .o.l . i<. Uuis 
which must be reached in order tfial the bqoid ns.n iSo-.u ,,j| 
vapour having a pressure ecjual to the presstHr .lo »t-i oot v . 

3, The conversion of a liquitl into va|«<isr n att< In 4 

certain absorption of ht'at. 

If we consider the second of then- law» wr |i«-o *n.- 4t >-tu « ih«' 
important bearing that the pressure 01 j the ■♦urt.Hr .» lejo .1 Ji.!-, 
on its boiling-point. 

If the pressure on its surface is imtnisrd shr- p.mi 

of the liquid is raised, anti all the uiorr •!*» tlir » thr 

pressure. 

The Papin Kier, which cttusist-* of a nwTii! i vho.hs »l...rA 
by a screw lid in which is a Sitfety valve, .hIiihs-j •>! iwnog 

heated to the highest temperature without tsrm).; i.. r},r 

boil. 

On opening the valve the steam tewape-* %% Mh .1 , v,|. } .,|4r 
pressure, and is utilised for the produtlion of j«,we« «« Oh •ram 
engine. 

The dissolving pro{X.‘rty of water is loarknlly i«« #r.r.'rd u 
is kept liquid at temperatures alarve uxj ' V, 

D’Arcet, by means of a kier, which is » forn. .4 that 

of Papin, has succeeded in converting the s*vsr»!)r rrf j 
gelatine. 

Subjoined is a table showing the «jf aqnruw* 

vapour for tensions of 1 to 50 atmospheres 






34 


INDUSTHIAI- USKK OF WATFK. 


tained within it This is dnnc by iiUnHliu inj; tnt.. n ii.jtii.l, the 
boiling of which has been arrested, seme aii Uy inran-. .i Htiiall 
glass bell ; the moment the bell amies in t with ih.- it 

recommences to boil. 

Matter held in suspension in a liquid -..u ut water nut 

alter its boiling-point ; on the other hand, if the tnaitn i -. . ..ftt.,i|je,l 
in solution, the boiling-point of the water is reiauird. Hot if thu-s 
not follow a prion that the va[K)ur given uti mntimfi the matter 
dissolved. 

The greater the saline concentration of the !iqiit*l thr li.ni-er is 
the ebullition retarded ; thus, in the casr uf the -mIi uf ■.<-.» the 

boiling-point of the solution rises in prufKirtiuts with »i < -.alnutv 


Boiling-point of— 

i. 

Pure water * . . . 

Water containing 5 per cent, of wnliutti 1 

n II ^0 11 M « i-in >*■ 

„ „ 15 n .1 ^ 

11 II 30 )i ti «» I 

t) II 35 II It ‘ ’-i 


Apart from the variation of the l»ui!ing.jK»m! .m . mhuj; fu the 
degree of concentration, a liquid biih at diilrtnn trinj»-i.am(-', 
according to the .substances it contaiiH in <iulut)uji. 

The boiling-point of a saturated <rtdMli«in mw a Iw ulum, wlien the 
temperature remains constant, while the jifeti|«i.»fe»i» «.! fhr i.*lt i% 
taking place; any indicatiotw bascil on the tmijw-riiturr »hrsi ptr 
cipitation of the salt cominena*s w«u!«l Im* inj iir4dmg 

Experiments conducted by M. laJijranti in « ws!!, tlir 

boiling of saturated saline solutions have yiel«U*t| insefr-ifiiijj »f>idt^ 


NaWfOfMSi ■ mH 


Sodium chloride^ . 
Potassium chloride * 
Calcium chloride 
Ammonium chloride 
Barium chloride 
Strontium chloride , 
Sodium nitrate , 
Ammonium nitrate , 
Calcium nitrate 
Sodium carbonate . 
Potaasium carbonate 
Sodium phosphate * 
Potassium chlorate . 


af 30 {»er cent, of ehloritle Iwnh 

HI 115 0 Cl 


* 

1 

m 1 

1 


; 1 % 


s M 1 # 

t : 

; »in 1 

ur% 

5 s 1 « 



1 

; 1 

ife# » . 

i - 

#*-i : 

! i -o/ti 'f# 

'is 

1 II 



\ 
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Whrii tlitfrrrnil kNlirn vsjl*ilil«" lhan waiter are hdcl in snlu- 
tkai ill it. wilhtaU rrai tlirjnira!!)* «iu each iither* the water 
eea|Mjrale^* aii4 rvrriliially, lir cuncenlrati«ni of the iiijuid smim^ 
leaven a ’4r4ifne!iii ruieaniHig «»f ihe 'ailntaiicen tiri|*;iiial!y in a ^tate 

of ‘Mihilatii. 

■'rhenr deprat^i are trfi liy iiniinary water cm its lx*in|^ heated, 
fnr iiintaiac% ni niraiii lualern, aiid will now turn imr attention to 
the varifsHCi rffrs.!*^ |frf«lm:r4 in t.Mijler*i acccirdin|.{ tc» the nature of 
the n*ir4, 


PART II. 


EFFECTS OF WATER IN THE INOl/STRiEs Mil l It t I TU s 
WITH WATER- ATPROFHI ait; HKMI Mil s 

We will now proceed to a corwidmitimi of the t onluiiru". 

in which water is largely used atitl H's rfir<i-i ,4*f «if 

importance. 

At the same time that we study the tTrVt i-. fr uilioH; «!u- 
use of water we shall also determine the tiaasr"* that }»u«lu!ir ihnn. 
and ascertain the remedies to teapplkw! apart fr<«m thr 5nrlusim.Hy 
general chemical purification, which will Conn ihr -mhirM iinitn-i uj 
the third part of this volume. 

In following out this pl«tn we profHwe to i!.n'. 84 r» in 
the different stages in each of the st;vi;ral uultntrir-i dralt vuth 

The large number of accidents and thr iinurdmiSr 
of fuel necessitated by the use of steam bwbfi in rvr»,v tnan.H ,,t 
industry impel ua to investigate thoroughly tin* |iln<noninia ill 
from the use of the large variety of waters to whn h evrj v »» ..-» .4 
boilers is exposed. U is a question, tlmefon*. »if t itaS tntsnrn t,. 
the boiler-uaer. 

We will thus have occasion to deal with watrr*. .. air 

(carbonate and sulphate waters), with waters canooq . <.( 

both scale and corrosion (sea water and deep wril ^vatri .,n.l weh 
oily or fatty waters. 

The remedies to be applW will be wr ,,i tnr ,,3 

them, remembering the economical side nf the tjwr^nun *,», sh*- 1.4.*-. 
of chemical reaction and calculating the .mumm of uon 
needed, and without losing sight of atiy ^eomkry 
may possibly occur. The preliminary suhi**cting of thr W4!rr to 
the action of steam will ako be fully emsiderwl. 

The important part played water in ilye, print and !«ira» h 
works hM induced us to devote a seprate clm|acr to iIih hram h of 
our subject in order to study thoroughly the pjjrnwnrmi atHnip 
tarn the preseea of matter lo «!„„•«, („ 

the means by which the consequrat Inconvenienw. may Iw .4,. «le.l 


I-JJ-KI I'H til' \\\tm IS TIIF INIH’STUfES. 
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III ihr w.iv '-iriiuf.Ur « li4|ilrrH will Ik^ alhH/Httnl to the im- 

*4 i!ir uf uMirr in the iii4SHif»ulure an«! finishiniii; 
ir\li!r lai*u« ill wMfk''*, in ,m<\ winih4iinUHeH» in 

I»iiniini4* 4fisl in llir pirp.irnltMii «if i.iniiini,^ 4firt itye-wocMl extract-?^, 

A '•4'’|ar4tr »4ii«lv «4 w.iirr will likrwiHr In^ tinnle in cunneetion 
wilti luprf nn.iloni.; m il!i j4in|i«|,*r«iphv, ihe iin|inrlarH“e cif 

wliH fn mI ilir 4ti\ «l4«ty |^r«nvin|.^ \iy rvascm of’ 

tfir iiniin lir-Ji ii’h-* vvlin li it t% l^nn|4 4|i|ilir«t, 'Fliis branch of 
ifitlii*>lry r-i- !m .4 itsiilli|ilii Hy uf lioiililr-4 iuiiiingeni on the 

f'Inn'arir'r *4 ifir H4fr*i hiii ihr ivlirrnif unfortunately 

IhiI frr4|yc’tiil% r-HWim- liririliMin \\‘r |iro|ii»w" therefore to 
frviin^' file shlirifriil pirji/n 4lf«^«-|rih wich file prrpanilion 
«il |}ir riiiiil'n*4y I hr ^4 tlir iiriyalivr**, file W‘4*ihifi|4 of the 

amt *4 llir poul'i \»ii wilt ihr *igri«'ii!liiral »idu*'4rieH 

«si,rrl*«^-44rd, e ihr 'i*t!r4*p l«ny tt«4'kiii|.^ of file o|itn'ations 
itirMh'r'd r, dr'|Mn'ir|rnl ihr «, Icnarlri of itic wal<*r iHed. 

Alf«n !hr 4|'iir'4ioii iti i.oiiimlitm wiltl 

frliniiy..y J14I] 4 m irLanni !o thr iininiilacltirt! of ice 

and of 4 iinafri *4 |iin!ir nilrrr^n allrrin^' health and 

|.H|l»lu h-\ |.^ir!4r 

Its ^ idr? iii.Knocr! 4ii4 iiioir p.ii I ! V lU lirewin|,p llie 

«|ii4!ily thr 4.r|s.f^nd‘4 in iiira'Oirr llnil of the 

W.itr^ IVr "dnill, llivarf.sir, t oiriulcf m driail |||r wllrile |sroi-|’*ri fd 
ti|-eani|;y dr.dine » iili 'nil! lo”*|tiriiilv niri wiili in walcr* 

I lir pir-irin r paHu mat - ni tlir ii alrr oltrn 4 I iIk’ ro. »t of 
llir jis!4|4iii4i 11^4 r’lVHn'rd m hmlt rr|iiifr. C In ihe 

«tllirr Inind, ihir ^wi%%n r-firtl-s of 4.rri4in ivalrr^^ and liir Iroillilci 

likely io rirsor leiaii flirat ir-r a^II tr-^.riie rf|n4l!y s-io^tr alleiilionj 

%i 1 1 1 1 4 VI I ^ .# fin “ 1 1- a%. j > I ^ Li n r r 

ill rlraliiH-: !hr %%4lri ii%,rd i3i liir dialdlri v wr ^-thal! rxirtid 

uuf 3 -! oo| oi'ifv !.o llir ar'lioii ,a| water III limiling* bill 

llkr%’e4€‘* to llir near frxriil 4 w^|iln Ifratninil ivilli 4ifiy!oiiiyc:r’*4 and 
II 10 fi'iiiior 4, 


chapthr IV. 


FEED WATER FC*K »«)»». I Mh 

The huge daily consumption of feisl wtiirr l«»r luoki'i .soil ihp 
many troubles which its quality may c^ow* ils«- n ..«(• 

the greatest importance. 

It is possible to ascertain the nature »»f .i M airi In .us^H ••uijj ti, 
and thus data may be obtaintsl which allow ihr rtirji i jj 

may cause to be obviated. 

For u.se in steam generation water*- may lir * Lt i ntjr.i . 

1. Scale-producing water. 

2. Corrosive or cornwive ai«! •.calr.j*n*ilm mi; 

These will be conskUrred under tpp.it.tlr U<- -fwli 

examine the effects produced, cotuiitler thr caw-ir iiju! nano*- '•! Us«- 
incrustations, and then prtHaaxI to sutify the mr.i-aHrv !.» 

be adopted. 

The heavy expen,se, the troubles ant! ihr tHunrr*«u’! 
which are the consequence of scale in the f*.*ilrr Inivr Ir 4 t.. 4 »r 
invention of many processes to obviate ilw format 5 t*n »*f oufo -sa 
tion, but unfortunately these processes are far (rom 
remedies. 

We shall class the processes of the treatment of frrd w ,*?**« !»,r 
boilers in three categoric 

1. By the addition of substantjes lt| Iht? Wllrf III liir 
acting (a) mechanically, (<i) chemically. 

2. By preliminary treatment with steam in '*jir»:ial 4|t|Mr.itus 

3. By preliminary chemical trcatm«»l of tlm water 

The examination of the treatment of water iti tho. th4|it» r 
relates to the first two categories which apply wore |».irto Mbob s-» 
feed water for steam production. 

The third category applies not only to fei t^„lrrs tmi 

so to all the Industries in which the water u«wl mnst tw llr%l Irwl 
rom harmful constituents without Imving rectiwr»« to •tram. 

In the third part of this work vw shall cwwkirr sirecmllv ihr 
preliminary chemical treatment of water, amJ the w 

Cj^l 


|•|•:^:|| WAtm r«lk lUilkKKS, jg 

leiplnl Un ihin |»sir|»'Mw « !rn«l |ci wiilrr aru! witlcr ern|ilayment 
bv tlu* ffiamilarliitHii; Hoibl, 


t. S« .u I nmMiXu 1\» kr%iAllMN IK (iKNMUAi,. 

('‘riiiiiii |ih4*iroiiu‘n-i .ifir'i ibf^ « 4 ’ iirisr from 

ihr |»hv^i« il iiillurn* I’ r-|r\- 4 li(ofi »if Iriii|#rr 4 l utr, crlnillaiuH, vajairi- 
rinis 4 rif| |«rr'«' 4 irr. In %vlin li llir watrr in the btiitcr 

-/\llri 4 4 ii4tiiral walri' ihfnwH ibnvri a ilt,?- 

Iff iii«#tr Ir'r-. ahiiiisLrm r 4tti»f4ssi|| lu ihr iiatiirc* nf the water 

\\ 4fei m |«.r^-:4kr lli«* ’•strata iitrrlH 

wifli fiir mnirv.%1 rlrmnii-i .i«v4 l.ir» .atir-., ^iiili ihnn iii pm- 

l^atmii flir'st ainindatliv 4tM.I liir ph^ar,!! iol4^ lliuler 

whia h it 4i!'i 

lir|.*o’al-* i» 4 in ihriri^.u- !*« Iln’ liV^imliiiirlric' luiiiitcr 

411*1 4 « ^ llir stillyrlio-i l 4 i 4 l|,;;ll! to Immi' cm llir ‘tulilhihlv uf 

Ihr 


I hr-r 4r-|^ 4-4^ 4l ^ 

W 4 l< 4 . 4 n^l - 4 , 5111 *- 

%vlin h ^'.ir ^ m b-- 4ii< --pr 
llir » -<11 «.'l llr 

W .r -^ 1 4 - 

iitlsi f Ilf imir inf 4 , 


1 '»\ !hi- -iulvA r--i tn u« ihr 

'■> ■■ ■'! iinipi 4 ''vM, *iC c. arr nlitamral 

$ ynAUvra r 4ll4 4<lll^’rr'lift’r 4i’*“or^ llfl|* 


ns IrMsIri-s 

■■n’l Ih- ^4 !br'' <lryiflk aflrr 4 limr 


i N.i 45 4'' 4|..;;|ri-< 41^44 ! h 41. Im llir trim II alpl 4 %%alil mI 

■^labilifi, Miir, h •< 4 iivr'-i il !i» Inhlr 

I 1 1 41*1 4U-'!| , |i'p? -j |<s llir <4 |l|r l.i«iil<‘‘i\ 

flir-i.r 4 'lhr^;ii.r' 4r|:air4!'j 4ir »ri ^ralr, 4fi«l arr 

ffttiiir-4 liMiinU <4 '4 Isiiir ImiI a ^-rry van^ 

alllr * M|||p!,rnf 

rafliferrilr- W4l^"t"i af li^-^nalr -^4 liiiiiMii by rr4'*nit 

rrf tllrif r-^ir-ri ,4 ,< .4fl*u.ti5i ac^rl U lirn lliry air i#«#i|rii lIlH 
i.|| ^; 4 f li»i|ir. r| 4n%r|i ufl 4«4 till- i: 4 rll«t!l 4 lr «if ll|||r\ mbfirct 

Ilf ^i|r i lir-i 4pplir’i^ ^'41‘l^aiillr cil lll«l|.p- 

lir^aiiiii III 'Hilplrdr aalri’i |||r lrit'4|icf altiir rKefl/'^ a r»iii’a4rratile 
illrtiirtii-r -mi llir -Hilphair i4 rvii^aiiiii ill ^ajllilmik at alKJill 14^1 
C,» I'iir ’ailpliafr- rs ifiln aiPillier W‘iltl ihr lariilula 

^ liil !br-» il. airpjiTiir^ »i iry^tlab*. With it-irbrnale 
W4lrf% tlir fnfiiirti 4|c i4iiiiir|4i«it^ aii«i filial -hkr. With 

«%ll!|l}l4|tf'* llir r|rpi%||»l Mr Il4r4, atIlirrtTfll 4II«I %lr 4 Ufird. 

I.k%ti4.lly ihr m-alrr^ rraiiam «i liitii?, llic* *iii!pli4tc aticl 
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From the point of view of analynii siu sioitao.n-. v,u>* 

widely. The variations depend not only <*» {!»* » ..j rhr 
water but al.sq on phy.sical influencet •tmls .r. irui}«-i.4Uitr .m«l 
pressure which affect the solubility and ..t !hr -..iiN 

Depo.sitecl on the .sides of the boiler they ao- -.nUie. id .1 ^.rry 
high temperature and this again leiitls t<i nnKhfy theio 

Nevertheles.s by the results of the hvdioiusu-irn s<-a ih, u.iture 
of the scale can be foreseen and an appiovim.jtr sdr.i ..j jv. 
tion maybe gathered. Tlu' t;arlHin.it«' ol hme iImiH >■> i.<.:nd shu/.-a 
integrally in the incrustation, but the oilier '..il! - .nr m. »ir I 

to variations in their solubility^ ami r-r iM-i Hr'-ni 

the contents of these Halts in thr waiter aiitl m ilir yu 
formed by it. ‘ 

Not only does the scale vary in s 

iiiid <' nh sf:'-li44 

eiil t*<s3lrr 

fot IVItil hiii 

ri'rii in 4 

ih*' ';4la|r 

I !ir ^ !iir 

hre l|n||*t;||y A r ,.ht- 

tlN»ll4lratl4 lh)%i >? ..■*:« r4'^?f.s.' 

^ailjiiialr. Il 1 d. l^r.Urrl 

f*l}liir|lr Ibr 4r|#rrvd 
I hr Imm r4 4n4^:r. 

Th<" '4ml 4ir-4 Uk^r . 

ffiay Iir 4 < 4.11 .Ifir? d's 

Fm. 3.-Sale in a boiler «t Cwmawtlr. |hrv 

(tmn werw irnkm). , 

lllirk, slfHi ri|*<'‘-3. r.iiU -in ihr 

case of a long boilerj may lead t«i r-'.i rfir 

metal and cause breaks. 

Moreover the dustdike substaneeunay tier .Of 0-4 oii<« Hir a , *, 

ing parts of the machinery and caasc; irrajldr, esjwi salfv wJi. ii ihr 
cylinders are lubricated with vegetable or animal la?'. « s 5 ij »h=,li 
tlie hme will combine to fortn very harmful O-il II I ^ Si 41 lit I If 111 1 4 i. I 

these calcareous combinationi are often 
Oils and greases which facilitate the werheatiitu *»i t»w t^oirr j.j .t.. . 
Gener^ly speaking the formatimi tff the* 

vented, and later we shall consider the rliffmmi Uraiment, i,. . if,. }, 

water can be subjected with this object in view 
a^in^Tn! 37 "' «>n^dwtl.m, lead the mmmfe imc, t. ,..,4 

the scale is an extremely poor amductm of hrai, »h. 
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varying with its cotniKwition. According to the experiments of 
Rogers the average conductivity of scale is that of iron. This 
imd tpiality leads therefore hi an extravagant use of fuel in con- 
verting water into steam and also retards tile prcscess. 

Ill iihtain an exact idea of the had conductivity of .scale we 
must (ifst Ivimw {•xactly the com|)ositioii of those exjtcrimciited 
ujKin, It is not rare to see this had conductivity represented by a 
waste .4’ so to rio per cent, of fuel in tlie case of a scale only 6 to 
Iti itMlliinetres thick Apart front this loss, when the boiler is scaled 
the oiH-ration is very difliciill. espeeially in the c.ase of sulphate 
waters. The scale imist !«• cleared ulT with the jiid of a hammer 




cif a 

%’rfiical I'kiili’i 


4ntl kilKiur and h nlwayn tillendeKl 

tiy injury tu itw? Injilrr 

HnimHhmm, iii ilir o|ii?rall«n» Ihe .§ciile is drenchcxl with 

waterf aridiilalrfl wiih hyilrmdticiric i4cid» but this has to lx? done 
¥ery caiilFiiisly in ^mitr Ip avoid corrosion q( Iho boiler-plates. 
Fitiiilly* iti«? scair delrritiralrs the biiler liiid kmds to accidents. 
The \ml aiiitliiclivily anti waul of hcimt^enoity of the incrustation 
'CKpaittis ilir filates iirrulucirtg cracks arid fissures, and 

:Slafts ihe rivals, |-wrtiiig the plates, 

Somtflittics rvrii llw fikles lire brotight to red*heat, and thus 
iiibtriillefl Ici the acliciii of ihe fiiriiiice tm ihe one hand and. to the 
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pressure of steam on the other quickly hulgr. c.nr m. mul Ir4«l 

to terrible accidents. 

It often happens that a break in the r 

The badly conductive scale CrUm*^ the u* hr 

part of it cracks and breaks iiway. Iltr fev.iin sn :^»itsi 4 ri 

with the overheated metal, instantly rr%nK’r'^ fu^i^r f4’ 

steam, and in a few seconds the I#- 44'^^ Im an 

explosion. 

The crystalline incrustatuni of "ailfihalr'^. ih.r u-n4rtu\ lu 

detach itself from the sides as it forirn by «.if iLr i-irai brat 

of the plates. It is then carried iilT by iltr and 4.<'|Nr4iri| 

at the bottom of the bf>iler In a lirafi, daiiiaijoH- ihr It^ak-g 

preventing the regular prinluclion of -^.rMn 1 br> bi^i* . an 
rid of by providing the l:H*iler with ii mmltm k., I hr-^r uu 
are especially harmful in quick Hirainiiig lupins thr 









Flee 6, L!St|a«^loiWI *a M 

are quickly choked, mid tliK «|«rt fram wr..! %rm_ !ir.,,„ „siy 
leads to a stoppage of work. 


2. Treatment OF SrAr,K*FtiKMiN*j WAri-is”* m tjn « - 

TION OF SUHSTANCKS To TtlF WaIFK is j ,ir: ||.,o , 3 : 

We will first consider the iidditiiMH whkh 4!< ! osrilwtHs ,.m| 
next those which have a chemical .u tiim un ilsr ,1,^ 

water. We can divide the ehcinieal re^gmt^ mh, i«., ,.,.r . 

organic and mineral. 

(a) Substance.^ acting meehanfcally, 

introduced into die n^irt i,» i.jr^ntf 

S “ P“™ly'l'eraiciU .cta, „ „ „„ 

action they exert we often find that it 1. b.ih |,l*v.*. 4J «ml 

l:r 
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lions tjf the cu'ii^tnal substances must be noted in order to understand 
the* action exercisctl. 

I‘urc*ly niechauical actitni is l)as(*d upon the introduction of 
int*rt suhsianr£?s into the boilers, 'fhetse iniiif^le with the particles 
tjf HcaledorininR nmU(*rs and prevent them from fornnhif^ a compact 
atlherent mass. IhU il“ these adilitions, by the aid of the currents in 
the b«Mlc*r, prt*venl llte a^].donuTation of the jairticles of matter and 
ate* thus lH*uelicdal. they are the source of trf)ubles outside the boiler. 

In this way llte introduction tif inert substances is harmful, as 
they are otien tamed by the steam int<j the vvorkini^ {tarts of the 
inatliiiu* wilh a sulist*qucmt rapid wear anti tear, Amont»:st the inert 
inaiire^* n'4»all\ employcal are clay, ground glass, y.lnc scraps and 
*4an by inatt«*r'e 

Olay* 1 hr u%r of , lay was Miggesteti by Pelou/.e. This addition 
cKpo'^rs ihr bndrr to the risk of iivcaiwating, espt*cially if the clay 
e* not ws II bleeped |*» beyin willi ami atklcsl very gradually accord- 
ing 1.0 os|uiir3nrnis l!' ilirne pns'autions are laktm the de[josit of 
the rl.4\ in large ijuautitic-H isavoidetk d‘his is a fairly good scale 
l«r«arHlrt. lint ihrii' always a tlaugca* of the particles of clay fuuling 
fhrii H4V llic' winking p.nis f»r the machiner)-, as we havt* alreatl}* 
i5«*!rd m %pr. iking of inert main*r in getuTal. 

Zhu% /im iH *4 ^.prual Ma'viri* in Uu* case of corrosive water or 
wafer Ih». li 1 % bMlIi i >aifr'avr and ’a-ale |nnnin|t. It *tc'ts ek*ctro- 
mis ham? 'triimg np an rle«, trie eurreni in t outact with the 
lion plate'. r#l I hr holler 

C nhei ^aslegansi e-^ ’uu h as tali', chips of wood aiul starchy matters 
IcHr hf'm propo-ir«l 

Tiku :\i4gofs rri'ofiiinends the use of tab' in the proportion 
of ihr ^vegdil ol raillsv matters in the water; in tAher words, a 
of gi4mm«‘s of talc is added r«|yal to the hydrotimetric 
degrees namd in lr‘4ing the water llie action of the talc in ex- 
plainrd by llir grnrral primaple «4 the iiclion of inert matters, but 
laic criiaiiily also a i'hemical iictioii similar to that of the 

aikalim'-- 'uheates whu h wad Im* sludiefl later. 

Oroynd Olaii* lake talc and the nilkMen grourul glass is dis- 
solved lo sriiiir rvirfii by ihr sirani iimier pressure, ami enters into 
clirtip* al romhinalion wilfi llie sails of the alkaline earths. Iffound 
of r'oiirsig hii% llir draw^^^li:k already meiUioned m inherent 
tu ihr inrri iniillrrs. 

Fits* I'h*.^ lem alone or mixed wdth other b->dies, has 

lierfi |»ro|io%e«.! itt |irrvriit iiicriisialiori. I his itielhcMl has found the 
inir^l f 4 %‘oiir III other iamiitrirs, and ils adopiicm has serious incon- 
%^efiirftc;cs. Wlieii fal h put inl«^ the biller a coat of grease spreac-ln 



44 


INDUSTKtAI. USKS OF WAM H. 


over the interior between the water aiui the plate*, an.!. In iii|* 4 kni 
conductor of heat, lead.s to overheating an.! the .htiigei ..t e vpl..-,..,.!.. 
In Belgium it ha.s long teen the practice t.* rul. th.- inten.ir ««f 
boilers with a mixture of tallow aiui p!uiiili.(|pt 

This is an old expedient, and .Sihbad in irrd .» mj^tuu- 

■of equal parts of tallow, graphite and w.mhI ( !<»r iS.<- i.itu** 

purpose. Some mechanics rub the interuir nl thr th.jir. nm simnih 
with a mixture of t part of tar and 5 jurts «»! .nu kind <.« ..i; 

Others put into the boiler aI«Hit to gr.u«nu". *•! jwi h. .( ■■t- 
power once a month. Whatever sort of f.ti h «•.»'<! it hir* !!«■ hv. 
-drawbacks we have noted aliove. h'lmiry bran w!iir?i i-. ...nirrunf. 
u.sed leads to harmful deposit of calcined nialtrf ’. 

Starchy Matters.- -Starchy imitters smb .»ru>b..kr , and 
potatoes are often used by inamifacttirers. Thcii e|jj, 4 
upon their transform.ation into a subHt.nice win. h rin rhip . djr ..d? -> 
■of the alkaline earths pra-ipitalrrl from the w.itef H4 iiiJn 
position of this .substance the particles of in. m ain;' tn.i?r« s sd. ..lo- 
■over the other and are prevented from forming -.ohd .idhro-nr oj.» ,*■■, 
Thus the potato feeula and diverse •.i.m ip i«.»Urr; im.p-s d-r 
influence of heat and prexsiire in the fh.ilrr h.Mtt . 4 ,0. •»!.• 
and dextrine with the water: - 


lit ,,1 1, j{ f, ♦ II <» 

The proportion of potato or artichob* to b - n «'d 9 , i kii.' 

to litre.s per horse-|)ovver jier month, ,\l the rod .a t,s,.nj!» 

the boiler should br: examined and cleaned 
[i) Substance.s acting ehemicaily ; 


I. OHdAS'K* .MAirtitis 

We have noted that certain sril»*.tancr.,^ in.li 4, dir ■*. is.hr 
bodies, outside their purely trtechanical interveniioo .♦,»■ ! , 
m combination with the water im« ey4,iode.riia,r. ..nd ■ . ..„, nr 
which, m their turn, act mcchartieally. In a.Miti.m to 
■others, such as dye-wood extracts, have a rlirmi.al ^IvhIi 

may be takw advantage of fr»r the par|mse. alifnmgb u* ibr 
writers on the subject have not mentioned it 
he tannins and tannic comjxrtmd-. in ihr%r 

■■■ ... ,v 

r*' '”'“ ■ “ • 

1.0 fora. lake. „,u. ,hc «ta of 11k ,lk.li,„ 
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Wit hliVit ucjIchI above are crUcacious in preventing scale, but they 
art* siH*t!ia!ly useful in the case tjf waters containing the carbonate 
<»f the alkaline eartlts. With the waters containing sulphates the 
scale is more tlifllt ull to deal with* 

Viirlous Woodii Hu* colouring matter in the woods form lakes 
with the* cahac salts and lltesc* are precipitated. Moreover, the 
tannins thc*y lontain, such as catechin, catcchutannic acid and 
inniintannii arid tu’ maclurin, produce calcic compounds which will 
not HiutlonuuMit*. Mach vvtiod then acts by virtue of its special 
tannins, thus fustic «* attains morintannic and nun*ic acids which 
t runhine with the viih k salts iti water, and in the case of cutch the 
rrageii! is t:atechulanntt: acid, 

Tiinrdni* ctolinary tannin or tannit^ acid, whether free or coui“ 
hincfl with an alkaline metak is hydrated in the presence of water 
and is converted into gallic acid, thus:-— 

IMO 

llv tJioloui^isI hoduig llu* gallic acid thus fornunl splits up inttr 
t'arh«ii$ic and and pyiogallic acitl : 

■ Mth t C‘JI,cv, 

I hr into^iiietfoii of oohnaiy tannin into the iKiiler brings alKiut 
Ihr pfrcipilalion id tannairs, gallati^s, and hydoigallateH of calcium 
and tii4|pir*aii!n. When cjiirrcilrtin is lioiled in water untler pres- 
Hur»‘ il i- rsaivcrlr*! into «|urrct4iiii and isiHlulcite, a sjn^cies of 
sugai 

b, ilp - t tVHidV 

Afioilirr rispiion takr-i filat'c after a prolonged baling of the 
*|nrt.r!iig ttlinh then -.phi up itilo pldoroghicin anti tiuercetic 

4*1 d ■ 

r Jbdb; I f V i). 

Ihr rraaseai is aidcil hv the alkalis, am! they lire often added 
lo anil scale' nii^iiirrs wilfenii a kmnvlctlgr «»f the way they act, but 
rrrogiiisin;^ Itiat they do giwMl. 

Wtml Esttracti* Many priwliiclH exlracletl frtun wh-kkI are on 
Ihr In llir tasr of logwiKid a dewe iiitiouftting from 5CK) to 

m.M,i giaiiisiirH |ic^r iua-sr»|«a%'rr j«n" mrnilh is sufikient for the water 

4 rule 111 the caw of llir cilficr wcmkIs the prciportitm is ab>ut 
llir bill il rs 4 goofi thing to keep to the exact quantity cleter- 

tiisfinl by praclicr as siiii 4 li}i- for the particular water. Of the anti- 
^Ciiie prrparaliofe^ on the market Ccaistarit^s ** tartriphage ** is one 
«^f them:^ wl'iicli iki'ieiii! cm the action of wcmkI extractH. Its action 
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is complex, by reason of the large tnunl»er ut urganu ShhIu-. it 
contains, and is both mechanical and dietni. al. 

To make it mix together:— 


50 kiloa. oak-bark , 
5 „ cutcli 


S 

5 

10 

ro 


lignum-vltm . 
logu'oocl extract 
molaaiies 
strong glue . 


1st tAiSlrs 

it «■! f i> 

y« It i *1 * « • " 

.. .1 

*1 ,« ,* 



Finally, 10 litres of a soapy wash of glyierinr and m.ugarine 
decoction are added. Acconling It* A. Matin, m lln- t a .r i»f a 5 
horse-power boiler I litre of tartriphage i** ii-a-d rir^y nghl dai ’i. 

The use of extracts is much better than putting * top* nr ra'.ptnij't 
into the boilers, There is less t«' the rt**k agghttniuu-. 

masses forming at the bottom of the toiler and ihrrr lalunmn, 
leading to a great waste of fud. After exiuniinng the ritr* t-i n{ j 

wood extracts and considering their (.nisf* the anshm pirpan-d a j 
product composed of organic matters only, and that iln^ 

method was an efficacious remetly. Tn prepare it. tsul -• kd** 
grammes of oak .sawdust for an hmir at least ni i«« iiim <.i 
then add 3 kilogrammes of mnlasstts. .'\ kilngrammr kI tin .- prt 
horse-power per week is sufficient, and with unne w.itri ’j ihii dost' 
is sufficient for several weeks. 

Alkaline Tannatesi -In the sjitne order of thing-* .*•» the pirj rd 
Ing another product is prf>[Kmsl, basetl on the iulnhihlr •4 the 
alkaline tannates and the formation of eonifunind-* »d ile* .dkalmr j 
earths, which will not adhere to the l«»tlpri»l.ile-« !o |nr|»a»r ihi-* 
make an extract of cutch. This will contain 1 air. Itut.tn«i» a* id 
and catechin. Take 4 litres of water aiid Imd »!«» gi.noinr'* of 
cutch in it for twenty minutes, then decant and filtrs ihr h.piid 
obtained. The filtrate must next Ire baled ji»r a lr« finmur >, anil 
a weight of carbonate of soda addetl corrcsjsrnding to ^* * * gt amines 
of anhydrous carbonate. Various acids are fiwmwl. nibiui .md 
japonic, and compounds of tannic acids with the stab ,\fter ">oiu- 
tion, allow the mixture to cool. 

A kilogramme of this per horse-power (ler week may to wed 
with success and this dose may i« longer with 

Sugar.~The use of substances containing '•ngar to j»re%-ei»ting 
scale depends on the Increase of solubility of the lime. 

By this addition considerable quantities of the salts «»f hmr a»r 
dissolved, the deposit is retarded, and when ha« no ailhriivc 

powers. Let us examine the chemical aetkar. A monnealctc 
sucrate with the formula C.,H«0„aO, very m water. 


ia 
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farmril m^i,, iiiMrrMvn-, y- vvilfi lilruhn! and falh 

down in a winir Iniiiir ir^-r-r., hi ihr liudrr'^* thr hrat and pm^Hure 
^|ilil*i up tiu-' liuain* 4^* u -an 1 4lr and Hvm uiltrr ^lUTalrH arr pnwluced, 

t\w ali 1^ -Ml. lair ,»i , , f I ^ .H.;, d *d ) and ctir Irkaick ?«^iu:riiU* 

^ ^*"'*''* ‘*^»liil'i!r III liiii wator than in cold 

wal«n'; r*sirj^“«|urnilv ihr uain m Ilic kulrr m cmdini^ rrdi*4s«dvc?^ it, 

hi ihv* niriliMj *4 |iir%rfifi!i|^ M.,ilr frrisni HiMt to «^ici i^ratruncH 
fif rilol.r^nr-s |»r:5 Iimi ,ifr tl'^r^l |irr finslitll lljr Haltn of 

limr air rd in -nuh a Bpnifility llial a voltiiiic of water rcjual 

|«i llial in liir hrjrs ^ an lu,’” r%‘4|forafr4i ‘ir%-rial rrHisIling ht 

llir frirmalioti iindri llir nilliinn of liral an«! prrH^airr of gluciitc 
aiiif a|*^r|.fnn 4tr .\ poiidri * oii^i%liii|,^ Lii'i^rly of idmic arui 

tlr|Mf%i|r.r{ and llini rs nrllainmaldr |o •Hinir rxiriil. 

If Ian* laigr *4 ivalri air rvapr^ralcd ivilhuilt ihc 

addition o! iiirBir |%-||| |}irii forfii- Ihr'^ti aiidilion^ 

of iiiola'jx^^i oiii'4 !li*nrf«*ir iiiadr frf|inrr4 ant! |hr l^iitcr 

%h?mlxl flr,inr4 4 tt|o|if}'| 

Otycftfine, Ihr n-^.r «4| yh-^rtnir rr^ raiifiirnilrd liy A’-^Mdin and 
I*. Vidrl 4r|irrrl-. yp^ns llir lOr.il of flir rail, n; ’iall^ ill lhi?i 

#i||rnt Wlirn flir In rvaiMirafiofi too 

Ijfcaf 4 <|4i4r4ll>' ^4 ^41*4^ 'riff-i fos ihr idytriiiir ihr *Hilhi 

of llir alhalsnr r.ollr^ m’slrad "4 foirnini-^ adhr’inr ak' lake a 
Ifrialiiioirs loiiii 4fnl ^ 41 iiof adlirr’-r |o ihr iKnlrr |dalr%. 

MiMUA'i. M n%i %%i I X 

?n-r’y tl'ic ^eig;ifi:a h-s^dir-^ im rra^r llir u^iliilnlity «4 Ihr 
tif llir alk-ilifi^" r.olli--, ^r4!40i ffinunal 'asti’diisirri, 4fll*«ii|,^ «i|||f-r'4 
liyjlo^ail|*ln!r ^4 jirl ild'^inlr of amif|oiinitli„, i^rrally aiiglliritl 

thi'^ air riif rd riol only lyy «ii rr.raiil^ llir 

%ftlll»d‘if) of l»n| kv k4'inili|J from llirifl 

liy tioiililr drfrMnpr-^nnni ollirt -aiH llo adlir'nVr jir«ijM?rlir*4. 

Citrlaiii ^’ 4 h- rrt 4 \ t'n” i.i ard o» ihin rnd, fof isrdaot'r carlitiiuitr of 
cliiornir ^4 liatniiri, i4 llir «if itir alkfiln 

fMMla and a«4 -‘d ilir alkaktir railli'^ dwir and itnigiir^iai. 

Wr Will rr-i. ■i-rw ll'ir ar|i«.»ti of tlir'%.r III file biislrf and 

^tlAll fpltjin ?<* txtmr ••!l !|irj»i jM tuiriMlrf s»j; lS»«* jirrhinitury jutrifi- 
■cutuMi *4 ih," W'isis't 

CartWMt* of Soda. imhomitr, ■•*U|»i;«?'»tril by 

KuHlitt4«ti. j..or'i:)},sidil»'‘« ihr i.,ih niiit «'4*t*«»a4lc »o in ihe 

«?4tef, I'r^ipiUlral if^ksuin «: 4 »li*»n.‘»lr awl «*4t|uif.irli«m4tc <»!' 

C4airi),;»., #. jKairn, - + t'aCCI,. 


48 


INDUSTRIAL USES tiK WAI EU 


The sesquicarbonate is decomjKJScci in !ut»i .isk! ijh*-, hi 
carbonate of sodium : — 

Na,Ha(C(U aXaUCfJj + N-'.t < 

When the water boils the bic.irl>nii.ite in ^tdtun.fi ..if n 

part of its carbonic acid and Iwcnmes tin- nrtitJ.U * »»f 

sodium. 

2NaHCOa + Nil,, CO, <• -!Na,( t», » Hii , t o 

This final reaction shows that twn molwuifi «•! m-tiiiai > .»»!»« .juttr 
of sodium are obtained which n*tti.uii in ••sdiilnw! n-.idy i** 
mence the cyclic reaction thus sei iiji, II ihr nalrr i i 

carbonate of calcium in solution a (niniiiinin ijti.iiiisty *4d*»n,ilr 
of sodium is sufficient to prcciiiitati- lAnHulcrahk- ij«.is5»i!)r .4 ihr 
carbonate of calcium. 

If however the water eontains other .tt it yjrnrr.)!H 
the sulphate and chloride of tnaj'iiesinin am! thr •■uljsh.itr . 1 ! 1314 ^. 
nesium, the .soluble .sulphate of swlium is«4»l4)i«r4 .oi4 < .u !»..n.t5<- oi 
calcium is precipitated : - • 

CaSO, + Na,/’t >a - CaCH, ♦ 

The chloride of calcium also reads with tin- j i4 

giving soluble chloride of stKlium awl s arlwmaSr «4 >%U itiiii 

CaCl^ 4* ^ CrtC4j.^ f I 

The .sulphate of magnesium reads in a «.,> 4 )::j 4 i 4 ir 

of calcium : — 






As shown in thi.s eiptation the tnaijtir’amt) nilphat! ;; it.sji's 
formed into in.solubki magnesium caibmatr. 

Ft will be seen that the quantity of tfst* j.rriM-jss ? 

"the proportion of the reagent to he? employrd M»r 
present the greater quantity o! carFsiiiate »il smi;* h orrdrd tv ,*jrr 
as a rule contains ha,rdly any st]i;4Mteof tiikiuin, ajsd, pit?? 3 »iy 
exceptions to the rule, altout iod gr.unwr’i |»rr h,i» .r-}«n»r» jwi 
month of sodium carbonate is suffidrnt 1 1 hu ,%.- .r 3 tSw « a*-, 

contains sulphate of calcium an adtlitimialtl, .nr r4 

of carbonate of soda for each too grammes .4 mm 

calculated as anhydrite, contained in the water ne. r vmi y 

Like sulphate of magnesium chloride of m.ignrs.m,, , .^th 
carbonate of soda and is precipitated «• carhonatr 

MgClj + N%COg « MgC:^ #. jXat’l, 

This reaction is useful m it transforms the chlorwk «i 
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which is very unstable and hij^hly corrosive, into a soluble salt It 
is advantageous to use carbonate of soda in just sufTicient tjuantities 
to |)rtH:ij)itat(‘ the salts in the water in order to avoid corrosion 
of the boiler-plates. 

Alkaline Silicates. Sodiuni silicate, which has been proposed 
as a scdlv prt‘vcntaliv(% is transformed in the preseticeof the carbon- 
ate of calcium in the water into silicate of calcium and falls down 
in a whitt* gelatinous prt'cipitale; 

Xa,SiC), 1 C adU'CV), C\aSi(), H CO, + II,() + Na,CO,, 

(*arbotialc» tif soda is thus t^htaiued and is ready 1(5 set up the 
c yc'le of rrariicnis which \\v liavt* just described in the presence of a 
fre^sh tjuanlitv' of a soluble salt, bicarbonalt* of calcium, and on the 
other hand tin* r«su li«»ns with tlu^ other sails of calcium and mag- 
lU'siuin .U(‘ pruductsl 

Widia\e still toi tmsidt'r th«* direct reactions between the silicate 
of ssrtlium and the* NiiUible salts, ^atlphatl* calcium and sulphate 
of tnaipu'smuj The ^ailphale of t ah ium givt'sa precipitate tjf silicate 
c)| l aUitun .uul stdphatt* of siulimn enters iult* solutitJtic 

Xa.SiO, J (aSOj Na.SOj r t*uSi(),, 

Siilphatt* of srwiium enltu s int(» snluti<*n and silicate of magnesiimi 
is iluttwn down. U iili oniinary waters scale can be prevtutled by 
the afldilion of 1^:50 ipainines of silicale of sodium solulitju of 35 H. 
per hoi se»l waver [>er nuMitln It is evident that the m(*re sulphate 
the wate r ( ontains llu^ more silicate ofscwliuin will Ik* reguired. It 
advaniagt'om^ t«* <-alc:ulate the necesHary amount exactly accord- 
ing to the pruportiofi rd salts in the water. 

Cauntio Back and Potash* ■ I1u* caustic alkalis are still used, but 
it more didicult lo prcTipitate the c alciurn cd curlKumte with tluan 
than with t:arbonatr ui *aw!imn* and their c*mployment exposes tlte 
kjilrr^plaie-. In the ri^k of corn^sion if tlte precautiorr is riiit takem 
lo introduce ex.iclty llie required quantity in small doses, \\1um 
Cillislic siwia in added the htcarlH»riate of calcium in solution in the 
water reacts witli it as folhnv : ■ 

C;aCilCt>p^ r jNaCHI C aC*()^ -f Xai“(), + ;^ILCk 

The Ciirlwauitr of siMiiimi lluis obtaincfl reacts in its turn Ujwm 
the sulphitte ?4 of the alkaline earths within u certain limit. W hen 
this limit h exceeded another rragent musi \w emplt»yed. 

Chlorid® of Barium*^ 4n using chloriih* of barium the sulphate 

f*f c alcium which forms a hard scale is transformed ini** sulphate of 
Uiruim uliiili has m* inciusiini* pn*jM*itirH; 

C‘aSC^g i llai’L BaSCI^ t i aC i„ 

4 






50 INDUSTRIAL USES OE WA J f R. 

Soluble chloride of calcium is also uhtainwl hy t!»r {i,ni 

Sulphate of magnesium reacts in a siinil.u in.inner i«. >.u!iih.tte 
of calcium : — 

MgSO^ + HaClj - f 

The formation of magnesium chloride howevfi e. fs.uinfu!, .1 . wv 
shall see later on. Chloride of barium cusi-. le-.-. ili-m 1 .iti-.tn h.iryia 
(barium hydrate), but this latter is often ineil m ilh « .i!» .»ie.iu-> w .iirr'i. 

Barium Hydrate.— By using this nragetit laUiimi t.nU.ii.ite is 
thrown down : — 

Ca(HC0a)3 + Ba(C)H), - CaCO, i iU <1, • iUii 

The carbonate of barium obtained is not veiy -...hddr 01 wairr, 
it in turn acts on the sulphates in the water .md 'aiSjth.»ie m» U, 4 iinm 
is precipitated : — 

BaCOa + Ca.S(), « iia.StJ, t t ..i 1 i, 

This reaction takes place slowly as the ciirluinatr <.t ti-uouu .uis 
with difficulty on the sulphate of caU ium, {tut odr sht i -r.ond.tiy 
reaction the barium hydrate may have a dirr« t a« tsoo «.n tio' ^adph ttr 
of calcium and in this case sulphate uffwrnnn 1. .md 

lime is formed 

CaSO^ + Ba(OHj.j «• BaStJ^ 1 t’.niiH},, 

The lime itself may react on the ealeie In* ot sSn* «.»trr 

saturating one molecule of carhonie acid an*! * .ifls«»n.4le 

of lime: — 

Ca(HC().,).j + Ca((>H>j jCat'tJ, ♦ iijti 

We may add that some manufaetnref*i .old 4 iiiisSofr i*! the 
hydrate and chloride of barium to the ts»jler w ater 

Chromates.-—! he use of alkaline ehrmitate* •Irjwinii w|Miii the 
formation of chromates of calcium and >*f eal.u -mI!'. ..dobJe m 
water. Thus with calcic bicartjotmic in m ihr we 

obtain 

KjCrO* + Ca(HC0a)3 + t-aCrO, + K,t'0, * l » H,ci 

With calcium sulphate the following reaciinn-. tu etir 
KjCrOj + CaSO< • Cat’rOj + 

The chromate of calcium obtained 

CrOs/g\Ca + H/> 

may be used in pigment manufacture. 

By studying the molecular weights It k ev-W«tt that it h more 
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Sr 


aclvantaurciiH to uso the* neutral chromates than the bichromates. 
With alkaline bichromates we (obtain the following reaction 

KXr,p, h Ca(fK*(),), OiCrS). + KXO, + CO. 4* H,(). 
And with sulphate of calcium : - 


K,Xr,0, 4 CaSO^ - CiiXrp. 4 K.SO^. 

In athlition to the tunilral chnunates of calcium* carbonate and 
sulphate* of pntassimn are formed and remain in stjlution. 

Alkaline OxalatiE, Idte alkaline oxalates are bodies that form 
insoluble salts with the calcic ctmstituents t)f the water and therefore 
may usr«l in preventing scale. 

I1iey cause the ft»lhavir)g reaclitm : 



) 4 CXIIC*0^p.^ 4 C‘aSO.^ 



C^OO 

Xi)i) 


) r KXO, 4 


K.Si), 4 ccy I H,(). 

According to this eijuation, two molecules i>f oxalate of potiiHsiutn 
are expended in the prodtuttion of one molecule of carbonate of 
potassium* which in its turn sets u{) the cycle of scale preventing 
reactions which we have notetl in wriiitig of the alkaline carlnsnates, 

In spite of the secondary react kms, and the possibility of re- 
covering the alkaline oxalate by sjHa'iul treatment of the «ixa!at«* of 
calctuiin the high price «»f the oxalates has always Iwen agaifHt 
their rrnploymenl. although an iixalate is tlte classic reagent in the 
liilHirafories, 

Noti4 All that wr have said on the suhject of the salts of sinlititn 
is lippticabtr also to the ^alts «»f polasHtum, and vhy rcrc#i. 


4 li.ATniX itF Till-: ttfAXTITIFs tW RFAOFNTS 

sAliV 4U VutahSl Sl*A44 WITH A WaTKR u4 KXtiWN 

I'hrrr are iiiaiiy |ir«*ftlucTs on ilie inarkrl under a variety of 
names which are itilended for use its scale preveiitalives. l„*stiall)^ 
these’ fireparatiofei niher rm!y arl imompletely in this manner or 
have to lie imnl in very large projK»rtions, It is easy tcj iirulerstaiul 
from whal we have already noted it^U the pro|x>rtion of reagent to 
\m must lie in projMirtiori lo the ijuanlities of encrusting salts 
contiiiiicxi ill the water* arid that these reagents must vxiry acecirding 
to the tialiire of Ihr water, Idierrforc aiialytic«Tl knciwdctlge of the 
water is necessary* and not even this is siifHcient to deal thoroyghl)^ 
with scak, Wer rntisi know in addilioii the comfKMition of the scale 
preverilalivc employed, and lie aiblr lo use exactly the necessary 
€|yantily of ii. 
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Unfortunately the scale preventativcN on tin- ui.ukrt atr <»r 
unknown composition, and we are ct)iistniunit!\ \vi!h..ui '.uffi. i.-tu 
data to use them in the proportions suit.ihle t«> ihr partHul.n wn(»-r. 
In any case these products should not lx- ua-.l mitd afSn a pro 
liminary trial has been made of them to drinniioe tin hiui!-. .if 
their efficacy and the conditions under wh«. h lln-v nni-.t U- n .ed. 
In addition to these commercial prtxluets a laree m! -.iih' 

stances may be used in dealin[» with scale which a. i piiio ss.aih «iti 
the two salts of calcium, the carlxmate and tin- -.idph.it.' 1 i..m 
this point of view wc will consider the cjulw«n,ae wal«-i . in -.? ..| all, 
next the sulphate waters, and finally the waiet-* « ..ntaoHO;: Ik.iIi the 
carbonate and the sulphate of calcium in Mdtitnxi 

To free a water from scale, mineral sHb»tii!n .4 url! .1. !« unow-d 
composition may be uswl, such as the Sidt-. mI the .ill*. doe tn«i.il-,. 
the carbonates, silicates, tixalatc-s. ihrutnais-'. I>;> .<iid 

aluminates of sodium and potassium. The ...side . ..i ihr ns. i.o . 
of the alkaline earths may also In- used. ■,«. h .n ihr .,} 

calcium, magnesium and barium, .iial .d'*u ihe jhl'.rsd.- .dumio.iO- 
and oxalate of barium. It is tlu-reluje ust fiil 5<. sh.- 

of each of the.se reagents which it is nei rs',.(n i.. rmpl..?, n. . .i 
water from scale, and this must lx- deteruiined o. 1 « -hi n sIi Ih 
hydrotimetric analysis. 

Let us take to commeiHt* witli the case ««f a . •» .»!« i 


I (I'rfft't 


Let us con.sider the tj'pk'al reactam in snUrimti; .t nat. i nith 
one of the oxide.s of the alkaline metals or .,f the .,lI.,hor , 
pota.s8ium, sodium, calcium, magnesium. and Iwrinm Krp,,- .. ntiiu' 
the alkaline metal or the alktiline earth-. Iiy .\l wr shr 

equation • 




M" represents a diatomic bcxly. 

In this equation it will be seen that carlttmirtr «.( «.d.nin» « 
formed and precipitated by saturation of ihecarl»..im .i 4 ».! »n e str .s 
by means of the alkaline oxide or oxitb of the aikahtir rxr th I he 
determination of the molecular weights of ih.- ernwe. mmrr.,1 
reagents, w ether oxides or .salts, will furnish the «|«an!ity n| the 
reagent to be employed. 

With tl^ aid of the table below the cjiiaoiiiy «f reannii in 
with a carbonate rater may be calcuiitel by iiitiliiiiiyifig liir 

carbonate of calcium contained In the water. 
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CUUIr*. Aluminaie. Chromate. Bithromait*, 

t’M fi'fKj rf>;i5 2'(i\ 

r^H rf»r> 0*^4 1*54 Cn)4 t‘i)45 rtj5 


StKliuin 

t *IC»(l 

CM 

ir{i4 


ei'fKj 

ISarfnnvinn 

r|H 

rf»r> 

n*ii4 

efl4 

C»'C)4 




ilSjU 



CUInttta . 



ir^fi 


...... 

Huriiufi . 





7*5* 

In practite 

, tlu* dfi 

^e 1 4 

the reagerU 

In hv 


stimc'vvlial iiu rrastnl ; ihv niinilH'rs alujvr repivstnU the oxitles and 
anh\‘drrniH 

We Will liuw that llie water te be stiflened ecintainn not 

earhunate m| ealt iuin but sulphate «)f eaieiinn* and eunsicler the 
step** tn hr taken liiider the^e eusulitiuiis, I ,i*t us suppcjse Itt lH*|4in 
with ue have tr*rd uiu* t»f ihr ^aih^lanteH iiidicatcnl in the jireteding 
talile til deal wslli the rarbcinate nf ealeiuiu, It tally remains tn us 
tn free the watf^' frniii file sulphate nf caleiuuu 

llie Iwn ea*ies will have Its Ih" taken intn etuisideratinn acennUng 
tn the parlhajiar siihsiaiH'e we have teasl deal with the* earl>nnatt* 
<if rah !um, 

FIrit Cititn The earbnriale, srlic^ate, ahiminatt* and oxides nf’ 
potassium nr nf sfwlitiiii are tlie rea|,»eftls alreacly ernphjyetl tn deal 
%vith the I arbmale nf raleiuiit Ket us emisider t«> begin with tlu* 
typieal reaelinii relative tn i:ari«inale nf ealeitnn wliich we have 
alreatly fnrmulalef! : 

C aC'tl^C*0, f M'CJ - f M 


n% «!?ili,asN« 


%«|pl4r dtiMilyblr 


We see that the preeipUalinii nf the earlwnafe nf ealriufii eaiisrs the 
fnrifiaiinn *4’ a enrrespnnding Hnhitilr varlKmaie with the fnrmula 
if wr siipjwrir tliat M is thalninic. This sntuble ear- 
iKinate reaels m i|s turn nii itir sulphate nf calcium enntatned in 
the water ami brings al'Miul llie preeipitalicni «»f insniuble cartKumlr 
erf ealeiiiiii : • 

f CaHC), -- WSih 4- C aC;{), 




amiliihk 


A cerlaiii rrkititui must ihrrefnre In* nlnervetl lielween the prre 
imrtkwsnf sulphate nf calcium and nf earbanatr nf calcium tn effixt 
cnmfih^lely llir snfirriiiig nf the water* 

As a mailer nf fact by Ciinsidering them* Iwn reactiniw wg nnte 
that fur each irudriaile nf reagent used t« deal with the calcic 
bicarbiniite, a tiudmile nf the cnrreHimnding mihible carlMmiite Is 
fcirmeds that this in its turn precipilates «ne mnlecule cif sulphate 
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< 1 . 


is formed there will be sulphate of cakititti lu.-c ii.iLitr. 

***- Hmii i-H iht 


mA thh 

entails a limit in the process of softeniiiK. am 
relation of the molecular weights of the Milplwle .-I ..lUiuit, .,iui 
of the carbonate of calcium, that is to siiy : 

CaCOa ux> 

In writing previous!)' on this subject, in the mt .so.l the 

Revue de Chimie IndustridU\ we have this shr “ . ri!,. inu 

incrustation”. In softening a water with the rrageui^. in 

the first case, we must establish the relation of ihe (jswninir-* of 
sulphate of calcium and of ciirlxmate of ealmmi «otn,jinr«i m the 
water determined by hydrotimetric analyN**. ami « oinjMir ihi . wiih 
the co-efficient of incrustation i 'jb. 

Two cases will present themselves ; 

(<?) Relation of the quantities of salts eo«t.)iiiei! an tin- «.ataa 
CaSO, / . 

From the secondary reactian*^ which h.ivr ii i*.i 

evident that in this cane it is unnecessary In add frrdi ,4 

reagents. We simply calculate hy the firecrtfiiii* tablr ilir tpi.Hii dir** 
of reagents to be put into the whaler in the %aiiir way i^r r 
of calcium alone* * In practice»the dt*S€f of llir rradriii In liu’-- 

calculation is somewhat increasiefl 

(d) Relation of the quarUiticH of coist^iiird m iti^ w 4iff 

CaHO^ 

CaCXX 


rjfi 


<i%h 


In tliis case the sulphate of calcium is in I till! 

of it will be precipitated by the secottdaty' rciutmn. ,»«<! iln-r* ; 
the other paxt which still remains to be pr«»'ijMi,»tel smi^i In 4 rt 
tained, in order to determine the quantiiy of the fe4}jrn! t. I»p 
added. The carbonates of potassium, sjaliiim «r magtiii’sjnjij «,f 
chloride of barium may be used as a nfageiu, 1‘be wriidn oj siu- 
sulphate of calcium precipitated by the car bmatr **f |:i n tnril 

in the secondary reaction must te cakulaitsl. ami ii«-» m *|.m r !,v 
multiplying the weight of the carbonate of cak ium in llir 

water by i'36* 

Represent by P the total weight of etrtMiriair «if €ii\ckm% n:^m- 

tained in the water. P multiplied by I’ld will Im thr total .iiiantHs 
of sulphate, of calcium precipitated. 

Therefore, if we now represent by w the total weight of %ulj4wtr 
of calcium contained In this water, there •ittll remain^ » wciglit 
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V - (P X r,Vt>'l nl calcium to he precipitated. 'I’his is 

effected with one ul the reiificiils cfintairied in the tabic below, and 
the amount is aM-ert.iiric-d by multiplying the weight by the coii- 
stuiit number toiind in this (able corresponding to the reagent used. 

r.4flynMtr ui cj*77c) 

,, t'tHJi 

,, i»'6t7 

Chl«*#islr itf . , , , ^ ^ ^ ^ 

If /i rr|»ir*irMls ilir miilUjilirr lountl in tin* premlinii tabk* fur tlu* 
riiijiluynl, Uir u'rj|.»}ii ul tlu^ rt%ignil tu hv iiilrufluml into 
tlu* wutrr tu tlrul willi ihr *^u!jiluit«* uf tultiuni will be |»ivc*n by the 
furmtil^i : 

8©a»tui Ciiiu* I lir rhrutiuilr aiul bichnuiiaU! uf piitas- 

4iul *4 ‘^ufluini 4ii«i |}|«* ^liuriiiuilr t*f liarimn arc* (hr reageritn 
already tu d«Ml udh tfir t'lirliuiuilr uf calrium, We have U> 
Miftrn a watrs euiiiasiiiiii.^ in a*l«litiun |u Use c^irbunatr cif caleiiun a 
ectien«lrrali!r qisaiilsly mI ’uilphaU* uf eiileiutn. Wlu^n tiie reagent*^ 
*<|«"iali«''d in ^irmnd ra^r arr ii^eti ue have lua tu lake ?4irnntlary 
rraetiutin nilu rusmiferaUuii. W’r adtl tu the water a further tjuautily 
ut the' rragenl jirrvpHe^ly u-^rd lu deal wills tlsr earluasate ufcaUauiUj 
a*-ieerlaifiing ihr ainunsil |u Ur riujiluyrfl by liiu!li|i!viisg the weight 
uf the ^ailjitiair uf eah iimi cuniairird in the wafer by fhe nmtUfjliVr 
uf the reagriil a** iiidtft aird ni llir table tielnw, 

*4 .'3‘<«4|ns#ti , 

i «*!' 

%rulf 4 l t.hinmi'Mt' ^4 . . . , . . , 

sd 5s*K3!rii) 


4. ;\aaAM.M.irM ia rm linu.t afit .Sii « iai. S« ai.i Tkt vi kt- 

t\u litAtit s. \M» PktMMlNAHV TkI AT.Mf NT nt- TtlK 
W AT! H UT IT! Si t AM 

To rrmciU- the troubles .irising from «ie|«)sited matter, l«*ilers 
are oltrn provitled with '*|H'cial arrangements plaeetl at projterly 
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Phenomemn of Ihrmiadott h hbuihf 


If water containing sand is boilctl in n vex **-!, ,iri<! 4 -.iii.M! 

is lowered a few inches under the surhiee *>! shr «.»!> 1. 1! 
noted that very shortly after the water is hrntts'h? t.. !!»• n-sl 


t 4|»-4llr 
%mI] hr 

-ill !hr 


sand has passed into tlie capsule. 

The reason of this is that the waun tlsr ii 

violently agitated, and the currents eireul.ilr the p.uii.lr. -..ui.l, 

and keep them in suspeiisioiu These partie'en <4 •..,0.1 .»t-- .ssis.j. ir.j 
by the zone of calm in the capsule atul f.dJ uh.. is, 4 > shr- 
which it contains is not in a stats* fd'elMillitifui, 

Several devices arc based U|Km this phniiiinrn..)i, 

Schmitz Arrangement, -In the Schinit/ “T » » so 





stance, the arc of a thin cast-inui eyftndrr fiunintr4 m-i-te i!m- 
boiler at a short distance frcHii the side 

This IS placed in such a way that the dittau-r'i the 
are unequal, and the paasage on one >jide iiarfiHin ?Jta 7 i **n ?hir 
other. 

Dulac’a Deposit Collector. -In iHilac'-* t»r«k*j ihr 
deposits as they are heavier than water lal! mia tidKii.r, 
arranged in the interior of the boiler. Thi*. h fanl.satrd bv ihr 
ascending and descending currents in the fmahnu h.|uid, J hr tr 
ciplents are small cast-iron vessels f>f thin metal, i^irn .a tup 
and easy to take out for cleansing purjar^. lungniij V 4 lvr 
IS fitted in the upper part of each co!lect«.r in orrlrr i„ piri.rn! 
&e deposits from escaping, which might hapjirn un jwdrmj.r.1 



Fm. f«4 wiict pmii-fi 

where the liquid remains calm, and this atira* 
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Belleville Feed Water Purifier.— The majority of boilers in'Jour 
marine service are of the Hellcvillc type, and are provided 
with an inji'ctor for tlu^ i)ur]H)se of i)urifyine[ the feed waters. The 
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multitubular generators. The calciirtT.Hs v>U. .u.- th.-« jMr. i|.,i.ura 
in the form of sludge, and fall itih. a dtuluf u..n» nhi. h lUvs 
can be easily removed. 

The hot water leaves the collector H II bv .1 pi|«* 4 io.-h ir.o lir-. 
half-way up the injector C. This injec^'4‘ m 

•which the agitation is very little, arul uhnr % ivirnii\ thr 
•deposits are collected, and can he run off In ihr , 

The Belleville boilers are md only flie 01 - 4 .r^h 
because they allow the volume «»f water !«» ir^liis •? «! .u,id 
sequently avoid the danger of exploHji^n, byl Inu-.n^-ir ^4 ihi'. 
arrangement by which the fml vviiler pisritird, ii min-, 

.the boiler. 

Experiments made with a lirllcvilk inir^ior \hr 

following results 


I Composition of th« water 


liu;' 


Carbonate of lime 
Sulphate of lime 
Magnesia . 


sr |fi 


It will be .seen by thm table that the iiijrtlur rbmin.iJr-. 

•cent, of the sulphate of calcium, and thii mu'*! Itr hi»A. 4 nj^ts, .i 
highly satisfactory re.sult. 

Arrangement of the Natysr Boiler, f n thr Niifnrr iIk 

feed water is forced directly thrtntuh the »:unen? ».r ■.ira.ts 
leaves the upper collecting tube t*. Thr grr.»ir» ,ms! .4 thr 
•contained in the water are thus alitwwt iiiimrifi.itrH |*h-. i|»si .>«»>4 
The calcareous deposits are collected iu thr lorm «d v.wdj,;!- o> «h. 
mud drum D D, and the water runs into thr tertl }l ffj.Hs au 
•overflow in the mud drum. 

Arrangement of the Montupet Boiler. ” ill*? Itlillfi 

tubular boiler consists essentially, first, of a •»y.irm *4 m. liiir,} 
from the front to the back ; secomi, of mile Cling SI '<111 

by which the tube.s are connected in front and at tin Hh i, , Hy*,! 
of a water and steam reservoir at the to}» eommins!. ..s,ih.’ H rljr 
front collectors; fourth, of a mud drum tominnso. ..um* wnh sHr 
back collectors. 

The Montupet boiler is W from the fnau nf ifir r»-.r.M.n 
.at &e level of the water. The water is preferahiy fr«l mtn thr -.OMm, 
and jn this way it reaches two lare^e retnn. »« ^ 
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al'Si, nil, “""“’“"'K »ui|Jlintes iiiitl catbonates 

la, ,;;t a,;"!,,," zn'T’-::"'' r' 

•Iniiri ;it ilu- hulv r,, .h; 'irt' tlcposiUic] in the mud 

In 

(lt'|)<)sits sfille lU'iu-ct'ti iluV -1 >t-vtis(d, in u'liich the 

’ • ‘ aimnucmu-nl and the decantinj- tank 


I’ 1$. ■ %'>4r-yrf iMsdlrs', 


•‘a ‘-mjity H|Mre r.f twenty un'lhmetre. alluw. the dcfninit, t» run 
U the t«.uun, nf the tank. The.. aejK>Hit. arc carricc. tcnvarL Z 
*• «» u tlrtaiiiiing tank, where they cnmc to contact ' with a 

Ivacuatcd! be 
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Arrangement of the Collet Boiler*— In thr (‘ullrt Imilrr ihc* 
water also precipitates a part of its salts in parang thi« 

steam box, where of course it is also lieaUaL Thr |irc'ii|i$i4lrtf 
sludge accumulates in a pocket widely o[K*nrd in fr«int, whii h 
the lower part of the collector where the eirniluifsn e. the Lm a 
active. 





iptiirr I ’I 


ar anpmenta of the Serpollet Boiler. Th« Se-rimlirt 
Steam if »f aW**?r. «,r t.r.,.-.. 

^eat that the precipitated mattera cannot rcitmln in thr ^tr,m r»,| 

‘JUT “ '■>' o' 

can be reversed, and the coil completely flu«he«| 

We cannot pass on without notidng the bolier. of WrylK-r .«4 
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Uichernoiid of Pantin, which have special arrangements for soften- 
ing the feed water, and have met with some .success. 


1 _„. ’ ‘ ■ ... 

Wryher iiiid botkf 

Fuk flK.--Srrpolbi Iwulcr (vc-rlic^l 

FigH. iuu\ 20 ;iri! longituciinal and tranHveri^e H^KCtionn of thin 
■type of iHiilcr with removable furnace. 





''“’t 




ft "i '■■'!:•:• 


Imo. at>,-~Wt5yht*r and KR;hi‘rnwiHi bmln 

As we arc not able toalTiinl the Hpace t»* niw .ill ih«- jH-. i.tl 
arrangements for softening fml waters, wr have n. *!»■•! the j.im. 


M 

V, I'f'rYfil 

‘ett ^ j ^ 


it! 


>1 

Is-'i'Mlto;,, '1' ! 

V f 
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types, which appear to us to be the m«t intemsting, V\'e >*11,11 1 
now proceed to describe several arrangements for the |»reIiroin»ify 
treatment of water with steam. 
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Buron’s System of Purifying Water with Waste Steam.— 
liuron’s ai)i)aratus precipitates the carl)C)nates of the alkaline cartlis 
in the water and at the same time heats it. It may therefore be 
used advantageously to deal with feed water for boilers. In this 
apparatus shown in fig. 23, the waste steam is led in by a vertical 
pipe A in wliich there is a grease trap as at 1 \ I'he steam leaves 
its oil and condensed water in the tra]) and they are run off by 
means of a syphon cmninunicating with the lower i)art of the grease 
trap. 

Then the steam passes into a collecting pipe provided with a 
number of tubes l< K, which [lenetrates slightly under the surface 
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of tlur water. The water is thus heated and cannluntly kept in 
agitation by the steam. The extx'ss steam escapes by the tul>c 
H. The cold water runs in at C* into a funnel from a ball-cock 
regulated by tlie float tj in the tank of water under treatment. 
This float follows the varijitions of the level of the water, anti 
consetiuenlly the cold water is h’t in according to necessities, 
The cold water |)t»uring into the funnel C‘ riitis into a jjerforatetl 
trough, which admits it into the interior of the tank in fine jets, 
which run through the .steam leaving the tubt's KL. The water is 
thus heated easily, anti is freetl from the salts t>f the alkaline earths, 
which are precipitatetl. The purifietl water ready for tlelivcry to 
the boiler i.s heated to about the lxjlling-jK)int, The Hiudge is 
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evacuated by the sludge-cock K, and moreover th«'re is a manhole 
in the upper part of the apparatus allowing it to he nntipletely 
cleaned out. ■ In the ca.se of a water containing also -adph.tte tjf 
calcium, a small tank L is mounted, in which tlie sulphate is pre- 
cipitated by means of carbonate of .sodiutn. 

Chevalet’s Heater and Softener. -My using tliis apparatus the 
feed water can be brought to about the hoiliiig-iH.int. 

Calcareous water, such as that of the Seine, c.in 1 k’ e.isily tiJMted. 
The hydrotimetric degree, i8", is reduasl to alxnn $ , atnl if it is 
necessary to still further lower it, this can lx* done hy aihling n 
little carbonate of soda to tlie water. 



Chevalets apparatus i,s g .series of tanks ttiouiisrd one «»ii the 
top of the other, over a cold-water reservoir ,\. in which the 
deposit is collected. In work, the water runs m ihrmigh a Iwll 
cock regulated by a float II, which follows the Irvei .4 hot water 
in the reservoir A. 


The water first enters the top compartment through a funnel K 
at the top of the apparatus, and finds its level in the fir -4 tank H., 
From there it runs off by an overflow 13, jntt# a tank M 

which It partly fills and runs off by its overflow I), u.to the third 

he its .low, .ward cnirsc. 

he water has m$t an ascending current of waste steam. rhis 
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in the tank B^. From there it passes by the eenlral tulic. uiuler 

the upper cap of the tank K, and .so on. ...... 

Finally the steam reache.s the tank B, at the tup, aiui if it is m 
excess, it escapes into the open air by the IuIk- N, In its upward 
course the steam bubble.s through the water in .Mvh ..i the 
imposed tanks, and it condenses, bringitig the water ti. the Ik.iI, 
The tanks are so mounted that the wliolc apparalu** e.in easily Ut 
taken to pieces and cleaned. 

Dum^ry’s Injector. — The action of this apparatus .lejK-uds 
upon the fact that water brought to the l>oi! keeps tlie solid part tides 
in suspension towards the upper portion of the In.iling linuid. 
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calcareous salt remain long enough in susjiensioii tielorr drjueiismg 
to allow them to be collected in an app.tratiH adjiuniog the tnaier, 
such as Dum(§ry’.s apparatus. This consists of a meiallK Ikis; with 
several interior compartments arrangai to retain the solid li««lirs. 
In the tubular boilers, for instance, the apparatus is inmiiilrd Iwiu rrn 
the boiler and the tubes, and the top of the inj<H:tor ctunnumitaics 
as at T' with a tube leading into the upjrcr fwrt of tlic lioiJrr, where 
the matters remain in suspension. 

These matters are led by this tube mto the apiiaratus. and by 
the prolonged circulation deposit their strlids in the coin|tartnw;ntJi. 
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The water thus softened leaves the apparatus by the pipe T, 
which feeds it into the boiler. 

Schau’s Apparatus. -This arrangement is based on the pre- 

cipitation by heat of the calcareous salts contained in the water. 

I'he water is forced into a dome, in which it falls in a fine rain 
on i^rids mounted inversely one to tlut other atul urran[jfed at 
different heights. 

The apparatus communicates with the boiler, the waste steam 



from whicli heals the water and precifniates the ealcaremH salts 
which are dt'positt^d at the Inatorn of the drune. ‘The water tluH 
treated is fed into the hcjiler by an uverthnv fiipe. 

Montupet’a Condenser. M«>rmipet’s cemdenser allows the whale 
or part of the steam of any eni^ijte to Ik* cemderHed, in order to 
purify llu? feed water and brini^ it up to alnmi biilinij jioinl. This 
extremely sirnple and practical ap()aratus cojihjhIs of a cast-iron 
hot-water reservoir G, (provided with a manhole L and a bdteil 
cover. 

An escaf>e pij>e S fixed on the cover is jK^rfcinUed at the bottom 
part, and on this is mounted a stnall rcctani^ular tank of cast iron, 

PROPERTY OF 

CARNEGIE INSTITOiE OF TECHKOIOEK 
LIBHARY 
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At one side of this box the vvater-|)ii)e H is let in. whu lt trniiiiiateH 
in a rose, and has a ball cock (1. re^nilale.l l>y a th.at K. vv!>i. 1> 
follows the level of the hut water in the rc-sc'tvmr A i;re..se 
trap of coke B mounted on the side of the reserv.-n ( is |.ruv i.le.l 
with a perforated plate throii{jh whicli the aaste steam is let in, .i 
tap at its lower part to run oiTthe greasy . ..ndeiised water, ami at 
the top is a plug hole for cleaning purpuscH. 

The steam is first of all freed from its yivas.- by llu* ...ke, and 
enters the top of the reservoir C. where it eummemes tu heat the 
water. It escapes throuj,di the perfuratimis in the Inittum ..t the 
pipe S, and ascending in this pipe it meets the water eummy. .I.avn 
in a fine rain. By this means it is heated to tlie iB.ihnj; i».int. and 
,-orhr,n5itf nf lime is nrecinitiitetl. and falls d.mn Im the huttum 


of the reservoir G, from which it is cleared uut thnaijjh tl»r tiianh«iie 
L. The water thus freed from carbonate of lime inns t.ii hv the 
overflow 0, and is fed into the hollers, 

Lencauchez' Apparatus. -This apparatus «unsj..i-. (a .t a 
grease trap, in which the waste steam (rum the enyim' . i-. (i»Td 
from greasy matters and the condensed water whu h tl may S»niii; 
with it. After this treatment the steam fltiws into a uiri.dh. « y hm U r. 
in which the feed water is purified. The water f.» !«• tte.urd i . m a 
reservoir at a higher level, and leaving tins liy an merilou pipr it 
runs into the top of the cylinder, where it meets ,i srtie , .<s ...tn-s 
which convert it into a thin stream, riiesc cum-s an- s.i .in.inj’f.! 
that the ba.se of one faces the biise of the next, ami «.n. ... that 
the water is first led toward.s the sales nf the »yJmdei ami m st 
towards the centre. The water is tints divided into a large umnf« » 
of thread-like streams, and these in tlteir tlnwnward K.uf .r lun-i 
the ascending current of .steam, which has an imei ir mo-.rim ut 
to that of the water, and the steam is thus cmidrnsr.i I hr suner 
being thus brought up to a temjHiratnrc birdenng on lioilinj' pomt, 
gives up its carbonic acid and the carbmate of hiiie is prr. jpit.itrd 
. After being decanted in the lower restnvon. the water i » tin d 
from its mattens in suspension by being forcer! upwards throng!* a 
filtering bed of fine gravel. The w,rter runs off at the top Uie 


filter at the height of two to three metres above the h'txhng pumps, 
so that it is delivered to them under preHsure. 

To use live steam in the Umcauclu;/. apparatus n tiist 


passed through an exhauster. In this case the salt-. .4 ilie .ilkalmr 
fearths are precipitated to a larger extent, as the tet«i}»cr.aurr reaches 
about 1 20° C. 

To free the water to a satisfactory extent from sulphate of hme 
a, little carbonate of soda .should be mMccl wlicn either 
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Howatson’8 Softener.— The aim of thiK appamtus !>; t<. hriiiu 
about the deposit of the carbonate.s of the alkaline eartln iK'fore 

passing the water into the boiler-s. 

Howatson’s apparatus is a cylimlrica! rcservnir. with plates 
arranged in stages. The water runs in by a ball eoek, reipiiatc'ii l>y 
a float, as shown in the figure. 

This water fills a small lank in tlu; upper jiart of the app.ir.itth.. 
and overflows in a fine stream over the first plate, from whence it 
falls on to the next and .so on. 





In itsicourse it i.s acted ufjon by an iisecn«liit|» mm-nl «»f 
and as the water is in a fine stream It is brought iimnrdialrly to 
the boiling-point, and freal entirely from the car Ik mates, whtcb are 
deposited on the plate.s. After this treattncin. the water faSh nilo 
the bottom of the tank, ready to be fetl to the Isaler'i 

Below the opening where the .steam enters is a tap by which tfie 
greasy water can be drawn off. An escajie for the slcatu it arrafigrd 
at the top of the apparatus, and a mud-hole and a tluiJgc eotk are 
provided to clean out the derxrsits. 
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5. Sc:ai.in(; Boilers ai-ter ('ompletk CooLiNC'r. 

Thv: texture, form aud hanlness r)r the scale closely depends 
upon the ])hysical and chemical cotiditions, The observation of 
• certain phenomena surrc'sIs metluHls by which the ciuatitity of the 
<Ieposits can be ncjlably tliminislied and their nature improved. 
Kxperiena^ has shcnvn that tlu‘ physical pheiuanena of the* cooling 
of water in steam boilers has ^reat iiillut*nce on Ihi* deposit and 
the hardness of the scale, 

On this snbjeci Savreux and Schmidt have inade some interest^ 
ioR" comnumications to the ('tinRivs ties hiRcnieurs en chef des 
AsscH’iaticms de Ih’oprietaires tfAppareils a V^apenr, anti to the 
Societe tri'hicouraRemenl pour rinduslrie Xatitauile, 

The prticess of clearing tuu the htaItTs, after cotdiuR tdT, depentls 
Ujnai what lias lHH*n nnltsl alter a ctanplele cooHii|4 of the boiler, 
which takes alanii eight da)"s tt> effect : 

t. Hie greater part «*f the sludge cati he Hushed tag. 

The deptjsiis rtanaining atihere only slightly in ihv bta'ler* 

What has ttj Ih^ tlont\ therefore, is it* idlow the water in the* 
iKnlt'T tt» cticil gradually, and then to rakt* tnit the sludge helbre 
it can harden. 

At the Monlierrs woilo% Savreux proved that this meihotl gave 
excellent iesuli%^ Init. unloriunately, adoptimi necessRates two 
condiliom^ : 

1. 'The [HJSHibilily of emptying urn without pressure*. 

rile piiH-abilhy of dtting without the boiler for a week while it 

cools. 

I'he first of these' coiidiliouH is alisolutrly iirerssary, and is f»nl)- 
cliffHaill lo rr.ili‘»«* in tlie lase of sunkcui Ixnirrs, As (or tlu* seraiHtl 
conditioig g of cour''fee depends igMai the arraiigemcnts iluti can l*e 
made to dis|Hue:*e with the ysi:^ of the boiler for the required lime, 

Dulxse'S in a note to llir Amiens Linen Soidely, remarked that 
the deposits are «leall. with les^ easily a i|uartef of an hour after the 
water is run out «4’ the limler. Half an htnir after this has \mm 
cione the tlrj«isg t^aaiuirs liard and adheres |o the plate. When 
■the iKiilers can Ik* rinplied uslhoiil pressure, and there* is a iKijler 
in reserve, it is posnihle to prrveni the dc|Kisiis from lidliering, and 
thus lo avohl scale fiom river and well water in any descripiion of 
bciiler. Idi do this, after coiiiplele cmiliiig* the Imiler is ernptieii 
mnd e^ery i^irl of it cleaned as soon as jKisnible after the water is 
■run oft 
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Secondary operations may be practised, siu li ..s renewing the 
water to hasten the cooling, washing with a spurt pijn- iit the cast* 
of tubular boilers, and, finally, the iimnediate r.ikiiig ul the still 
damp deposits. 

All these operations tend to facilitate the pnaess. 

6. CORRO.SIVK AND I NCRDSTi l-CoHRi »sl\ D U'A t r.lcs 

Co/TOSioHS iff (/t'fliYiti ( ilUXi'ii /p’ I! . 

As a rule natural waters are uorrusive. but u* a greater .tr less 
degree. The carbonic gas anti the o.'cygeii whiilt they lu.ld in 
solution are capable of very appreciable airr<<sive .ittii.ii, even 
when the waters do not contain salts. VV’lien the water « untainn 
salts or acids the corrosive effect of these lashes jt.iii*. in lire attack 
with the carbonic-acid gas and oxygen. 

Polished iron or steel does not rust in pure w.itcr, and the 
presence of carbonic-acid gas or a similar IhkIv si-eni-. u» In- nci ewsary 
to exert an oxidising effect upon it. 

In the ordinary formation of rust, fermiH carlstnatr wmild 
to form to begin with, to the detriment of the inm I lu-n ihi-* dts. 
solves in water and forms ferrous hicarlMinate with tin- raiUtnic 
acid of the water. Thi.s under the influence nf tlie .iit and water i'i 
transformed into magnetic oxide, and finally snto the h\«liate «»f 
the sesquioxide of iron. 

When water attack-s iron, diverse cojnjKitind’* »«f ihc 
principles with the metal itself result to the detriment <4 the nan 

Moreover, as a rule, the corrosive jaiwer «»f water '4iinv » that this 
water has loaded itself with minerals from the strata thiatigh which 
it has passed, and consequently will tlt.qK»sil them, whr»> tomen- 
trated, in the boiler. These tleposits are frequently of a vriy en- 
crusting nature, as, for instance, sul()hate of caU imn. who h i-» met 
with in sea water and deep well water. The tleep well w .ilrrs are 
charged with thi.s sulphate of calcium by first taking into •..ilntmu 
the carbonate of lime in the strata through which they have pawil. 
and the subsequent transformation of this into sul jihaic. the •.uljTmrir 
acid being obtained by the oxidation of pyrites in the |»re«?iHe of 
water. 

Deep well water and sea water, then, may b»' the catea- Imih 
of corrosion and of scale, and have hence liceii tmiied encrnsiir- 
corrosive in an article written by the author, and jiubiisheii to the 
Cwi/. The boiler user hx> often forgets to take into con- 
sideration the necessity in dealing w’ith the water of giiarrling agani'il 
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these two sources of mischief, and to set^k for a remedy which» so 
to speak, will kill tlu* two birds will\ one stone. 

As ixTpirds corrosion generally, iron seems intire capable of 
rcsistini^ attack than sU'el, and in the same orcU*r of things poor 
c[uality irem dues not rust as c|uickly as iron of better quality, 'bhe 
resistance to attack is pjeattn* in |)rtiporlion to the amount of 
phosphorus the iron contains, and there is ahva}*s a i^ood deal 
of it in ptjor (piality iron. 

In)n alltn s vary in tlu'ir resistance tf) rust. Man|{anes(» seems 
to hasten it, whereas nickel, duomimn and cohalt appear iin the 
other htuul to n*tard the attack. 

In steam boilers two sorts eii torojsiuns are noted : 

i, Kxlerior nirrosions, pniduc ed b)' atmospheric a|»etu:y. 
These ati* onlsi{|e our subject. 

2» Interit>r ctuTosions, tine lo 
feeding the litaler with na»nMu less 
corrosive water, which attacks the 
boiler plates undei the influimce td‘ 
heat and pressure 

As a rule, tht' corrosion is 
localised, soinelimes however it is 
general llie same watcTp Used in 
Intilersof dillereiii pes, may very 
well ctirnwle the one willuail at- 
tacking the oilic*r, or the corrosions 
may oia-ur in difierent pails o( ifie 
bo i lei H, 

If thf’ iKiilrrs are of the same 
lyia\ 4!i«l W'orkei! in llie isime 
manner, with the -same wafer, the 
a>rrosiiins in the one will l»e 3 «, -' 

prciduced in the same itiariiiri and in the same |.ikic:csi, Acccirding 
tcj the nature and quantily t4’ the matlers in Hciliilitin in the w'liter, 
the corrosion wall Ik- nmre or less intense^ and lake a fi^irticular 
form. 

In a iMiilrr ihr altail^ may Ik* marie in three ways, and rise 
l«i thrt*e sorts of currosion, 

(ffi) Fittings. In this ca«, the plates are pilted in difTerenl 
parts. Small round cavities fcirm, filksJ with a black |.KJwcler 
mainly oirisisiirifi of oxide of iron, but aJ^i aMilaiiiing the saks 
originally in the w*aler. Iliesi? cavitbs incrcmfie in and esficei- 
ally in deplli, and are ccivered with a sort of cap of tmidc cif iron. 

(I) Corrwion omr a Largi 8urfaw.--^-‘The pktes are sornetime*^ 
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attacked over a large surface, and arc usually covered with a srdi- 
mentary deposit, showing no trace of acidity. 

(c) Corrosion Aided by Mechanioal Action. Hy reason df 
different pressures on different parts of the la.iler, lh<- plates Inilg.- 
•and part, and as the water leaks this aids co(r«*sion .a tlu-si- 
parts. 

In addition to chemical action the corw^nm h aiil«*«l h>“ rrrfaiu 
physical influences. The part.s of the lanler imM Mibjri'i lu i tirru’^iMU 
are the plates directly over the fire, and ihv^v iihikiII) rurnnh* nve^r 
a large surface, As for the ])lates in the ccildcnt p.irl «4 thr buih r. 
they are usually pitted locally. Tluse iHolalrii dw niri 

with in boiler-plates where the water is nr at. rv%i, and 

w.here ebullition is not produced. It mmi Ir noted lliat 
if the pittings are too close to each otlutr the |iLite*i are ivraknird 
that an explosion results. 

In testing the substance which the in adddiuft n* 

•oxides of iron, other salts, and in jKirticular i:*u‘b»tnttr-n will 
found. 

From this, arguing that the [jrcHcrice rd'carlKsnaic^'i imnv% ih.n 

there h no acid aiihni, rn- 

gineers luivecofir I u* led 1 ha 1 1 mf 1 1 1 
do not tiwr thrir forinalnsn Im an 
acid, itnd licdicvr ifial tisr « «*rio-HiMn 
in due in a gieal iiira-'Htrr U% frrne 
oxide, 

herrie oxitir h r'«’'fiainly a vri)- 
■corrosive body. Its hygroscopicity aidn the 4lHfir|ii«M!i uf luniiiditv. 
and, moreover, it i.s electro«prwitive to iron* It mmt ratrliilh 
removed from the cavities when the baler h i ltMin’d otii, 

But before speaking of the tdfe:ts that the^ Irrnr: oxidr tnav 
produce, we must examine the miitiner in wlikh si f»rtiird Wr 
•shall see as a matter of fact that the ferric iixide^ iiiaV' t»'" o«4 «*isly 
the direct result of the attack on the iron by Ihe c,arb»iiii.>ai, id 
and oxygen contained in the water, but may b- ilsr rr^iili fit' an 
•attack by acid as a consequence of chemical ctuingr-^i fmaighi abisiil 
with the aid of physical phenomena* 

In the isolated cavities the pre^ience ttf carbmalr^i i»4 racily 
•explained, as the bbearbonates art* in^abte* jirrcijnlalc ifieir 
carbonates of the alkaline earths. The^ic! carbjmitrH itwy 
have a corrosive action, as carbonic acid, mlml by llic oxynni and 
the steam in the boiler, h very corrosive. 

But, nevertheless, it must not be taken fiir graiil«l lital 
pittings are not the result of an acid action. The allack im llic 
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hf)iler-|)hitt's may very well be the result of tlie direct action of 
certaiti salts in solution in tlie water. I'he acid of these salts may 
combine with the iron to form corresponding salts, the reaction 
lK*ing aided b}” tlu' steam and the particular conditions of tem- 
perature atul pressure. 

d'he examination of the substances contained in the isolated 
pittings does not show thc' presence of acidity, but nevertheless 
tlu!se cormsions are the result of an acid attack on the iron. 

We are ablt' tt» prove Inytaid cloulu the presence of acids in 
some substances fnan the cornuied parts. If, in fact, the salt 
protiucc'd by the corrosion is dectjinpcjsefl, it irulicates the presence 
of an acid. 

But in addition to this, the salts in sedulion in tlie water may by 
dt*contp«>sitiou or by muting on each other bring abrnjt acid trans- 
furmatitms, and therefore lead tt» ta)rrosions* 

*V\m acddily is then very ap|ireciab!e, and cun easily be proved 
with litmus. We may adet that the substance fdling igi pittings 
often shows a weak acid at titan iHa ause the great solubility t)f 
acids ancl sails in \vatc*r, which teiuls ttj eliminate them in a large 
measure from the juisiucts tif ctirrosion which were impregnated 
with them. 


/cruw/Mi e/' ( AV/f\v, 

l‘he exj»erirncest»f I )esgeans of the C'omiagnie de TMst* recorded 
in the AVc#c f /icw/Wi #/c A'rr* which vve are alrout to note, still 
further sujipori our vienv. 

We may mite the imjiorlaut re/# which water plays in the 
Corrosive acli«m provokrc! by clieiiiicid reiictioru 

Ttie interior corro^^iofis in boilers of iron or steel may Ih" classed 
under two headings : 

l. t'orrosiiais arising from exchisively chemical actitm. 

Caifoeaons anti leakages, due* let iiiechaiiical acborn aided by 
chemical fiction. 
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Internal Corrokions in Hou.krs oe t‘AST-uu)N ani> 

Stekl. 

I. Conoshn Dm Sohly lu Chrmiail A.tU'o 
Mileage ofboiler: S.i.S.'*'-* bilon't'l"''* 
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I. FauU$,’^On the underaide Df the cylmder, aver » wtdih 
all over the plate, Beyond thl« jsmte, only is^atcd 

Action of the water or subiUneei ciinlalned dk»«Kcr«l 

Weakening of the pkte«t usually loan Minwf^itwiaiti Koi ^«mr 

■ times necessitating the lining or rapkwrnetit of th^ artcci^d fwis. 
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t&. FauUs.’ In name rarer cuHew, the cnrroHionH rxletttl to the lughent level reached by 
the water in the boiler. In this cane, the cotrohionh are worne between the biKhent 
and the lowent level cd* the water than in the part^ always inniierKah In jihort, 
there m alwayw a yiane exempt, between the lower corro^ilmiH t»r i and lltohe of 4, 
►Cniaa, - Action of the water or of HvdmtanceK dinnolved ir\ it. 

►CoMSrv//o‘«t'«. —UniniptrrtaiU weakening; of the jdaien. 




Fito 

j. Faults* -Ai the bhnv^mu holex, wheilter under brdicror IkrdMm, iherr are corsoaront. 
-Slight cracks may Ire prmluced at these }Hnni«i, giving vent lo the air on 
cooling, and coniia|ucfU oxidation of the mrtal. 

The friction <d' loob may ^Uo cau^ wTar ai theme wdnith are at the 

lowest part of the Iwnler and i;anme<|uemly at the pari wmt bable m corrmton. 

Slight corrosions* weakening the metal attil nccc»i4itaitrig patches. 
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Fiu. 35* 


4. FauUs,’~-On the sides of the fire4)0K, corrtmion c»f gruat mrnt 
CciTiSfis.— Chemical action of the water* 

—Weakening of the sides, usually unimi^rianL 



5. Very slight corrosion at the of tHi 4rir«f, m% ihr i4 «hr Unyt 

Of exceptional occurrence with the Compagnie 4 p i'tiM, «,h« hmt tmly 

since 1878. 

Crtwm.—Chemical action of water condcnttcd at the place* 

Co«s<5^ WWW, —Weakening, usually unimpwtant, of Ihr pUiirt, 
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//, Corn)sion$ and Fissuns Dtu' to Mechanical Action and Acccntuatal by Chemical 

Action. 



Mileage af boiler; 301, tpo IcilomeireH. 
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X, Faults . the stayed part of the fire-boK, and nenerally Bi the vertkal rciw«s of 
staydiolta, and on the plates AV and AH * of the tiredKiss, and somelimet on the 
sides and the front of it. 

Mechanical action of the siayi during displacement of ihc hrcdHiK vt-iih 
relation to the grate. Corrosive action of water. 

Production of a crack which may involve the renewal of the .stdeia of the 
firc-box or the application of patches. 

* AV in front, AH at the back, 












I 


I 



Milea^^c of boiler: 562, ,130 Uilonictres. 



ca 

Kici. 


2 , FiUitts, M, l)r^.gci:ujH ban abui found frRcturr» in jdatrsi ;it ihr hwi/wii^i row 

of the HidoHiavH. In ntiittr very Hpecial the urair U4f« prt»vidrd|wuICuain»< 
verMt? rilm rcHttfi^^ on huteke-t >. 

a,uiuM,^VTmHi\w. t.»f the rihM on the hrackelti, tendinis tti niak^ the pari of the |data 
carrying the i»rackel »%ving round the hr^i line of ^iay4M>lti, thcfii^rlvci alirady 
under the Kirain of the Hiearn pretiMurr, 

Canmiuemirs.^ ™I'’orntalion of a crack tjecimiiiaiing patching or new plaice alsogetltn. 



■ 
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3. FatiUs.^At opposite polntM on the mdm of the barrel ol ihr hmln. 

Causes — Mechanical action of expansion by heat. Corrrmtvr MAum t»r w^U'i , 

Weakening of the places allecinl, w ihm they ha%r i»i ^uro|^ihrMr«i 
or replaced. 

4. FauHs.-^Uotts rarely at the ends of the barrel md nprcuily m tmm^ m ihr hmm 

part of the boiler. 

Ca/rsM.-«.Mechanical effect of expansion by Corrmsvr mimu «f . 

Consequences, rarer corrosion® are soJdotn of any jfopssfiarH r, 

5. Fault 5 ,^Th&m corrosions not unfmiuently rwch th^ uite^frifwlr n%m%- 
Ca’ 4565 .— Mechanical action of expanwlon by heal. Cmimw$s MUfm «f wMm 
Consequmces , — Replacement of corroded rivets. 


KKKD WATKK VOK IIOILKRS. 


Hoik*r-tnilc!Uge : kilonititreH. 


V .■>'■ ' 




(l)ianitncT i>{'hnrrt'l, iv» cubic’ uu’tri’M. ruin- pbcir tt! thr Muu»kt*«l»f»\.] 

(), Faults,^' Commmm in the lower pari ui'lbe bait el near the lube plate «it the Munke-ben, 
CViwe^.-'CnrroHive aution of water, aiul very prt»hablv nu'c haitn al aetnui esseueil !iy the 
Uibe-phue on account cif the thnua <>1 ihe tuhr^. 

Cuns^iuenevs, VVeaknenH, lujcenhilalin^^ palehinf; or replaientriu of the letfulmof the 
Hnioke»bnx. 

Ikiiler- Uiileaf=;e : t afHt),,jbb kih unetren, 




X'C' - - .j 


Flo, *)a. 

7, Faults, - M the upper edge «( the frarue of the lire km, 

Ca?ar#.— bending, lirMi one way then the other, all round the frame* dur Ui hrai and 
pressure, and aba to the llrrust of the grate. Chemiciil aetion of water. 

Weakening of the walb, nece^wiating lining, applied %u the platen to 
prevent the corrasion eKtending. In eeriain mm%, the lower parts of the plaiw 
have to be replaced by angle orunH. 
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Boikr-mileagcj: 24^,657 kilonK!trt’N. 





Euu 4J. 

8. Faults , — At the edge of the frame of the fire’-door, Thm? rurronswi?* ^srr «4sr. 
Causes.— Bending to and fro all round the fire-bo^, dur to hr 4 t mu\ i»rr«wrr 4 inl the 
thrust of the grate. Chemical action of water, 
eonseqtmces,-'Wt^\^nmB of the waltM. neccR^italing fiatchinn. «»« tairK 4 new 

settinglfor the fire-door, 

Boiler-mileage i 410,49^1 kilornetrrfi. 




Fm. 44. 

9. Faults , — In the middle of the plate round tte ttays iht cif ite 

Caws^.— Fatigue of the plate from the tension of ilw BUy^ tins iiib»% nfAtiti 
Chemical action of the water, chlefiy at the lawer pift fif ilic 

Weakening of the plat««, ne^mitatliig mbm ihrif irf tn ihc 

use 'Of special stiffening itays. 
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Vui. «} 5 . 


uj. Fnnlts,—A\)ovG tlu? boik*r%HUp{>«rtH lU thf fxpauhiint block. SonirllnirH corriwion?^ 
occur hero even when the re^t nf the Inirrd In free ftoin them. ;uu! urr vvorw; than 
those at other placen when «>ther pat tK art? altackrtl. 

Ten«lon|due to the inertia, the friction of the boiler oft itn HupjwirtH, anti to 
shaking of the frame of the engine. Cliemical action c»f water. 

Weakening of the platen, neceMttilating the upplicution of a lining. 


Boiler mileage : ki)omrUt*^»r 



FUt. .^ft. 


1 1 Internal fraeturen in ilie tube^phUe of the ^moke Ihik. 

•Cawi#!.— Expansion and ctmiractitm due to the thrust of the lube%. Chemical aciinn 
of the >vater. 

'C>irtir^f/#rim,'>--Fractureii of the platen, neceniiiiaurrg the applicaiitm of »wall H»«haped 
pieces in the intervals, or of plugs HIM with elastic rings, or even replaccsiient «»f 
the plates. 
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Boiler-mileaKC : S‘'.L77;l kilomctn-N, 



Kl«. 47. 

ta, Faults . — At the upper part of the front plalr* of the fiir lm«. ii< ihr !« ml 
Causis . — Bendingfi, expangionB and coinr«t:iion» temhing ftnw iLr osteioal ..i 

expansion tendencies to deformation under the aetiimof (urwaon- «lir<r ihi «.u»irit 
and flat surfaces meet. 

Fatig^ue of the plate from the diflkwlty thr m 4rr4 Usr 

thrust of the barrel against the hre 4 «»*t, which 
between its supports. 

Fatigite of the plate cauwd by the original limping 
Chemical action of water, 

Weakening of these parts, ritice»:!iitaiiti!g reoihwirwriia »(f 

of the plates, 

13. Faults . — In the vertical angles of the plates, in the Ii«m jiswI Imk *4 itw l«r hn% 
Mechanical action of the atearn presture awl ihr C4«i»;r4 h%’ 
of the grate. 

Fatigue of the plate due to the shaping at thi? pkie* 

Chemical action of water. 

Comgumces.-^'Wmkming of th»e placw, neccM%ilaiing tfw m #r|4ii:ass^C 

of the plates. 
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Boilcr-miltiiKe : 703, kilometrcH. 


000 00 00000 o 
. 000 0000000 > 
^o 000^ 0000 ^ 

^^OOCTOOO 


I'lti. ,\H. 


14. Faults, Round the ttclf^^c* nl iluj tulir plait? of Uu' hnitikr Iuik. 

Hcndin^^ IVnin tlu* inirnial ju fhHUU’ anti ilu* ilnust oi ihr lultt'?*. 

Fatij.^ut? (ii* thu plait? ilut' it> ihu hhapinf.,;. 

Clu‘inicnl actum orwaicr tm ihr Itjwci part. 

Cimst'qu^iU'ts, I'‘iactiut? of ilu? platen, anti cuukH ttumnunicaiiug wuIj the «»uUjdr» 
ncccHHiuuing ilu? unc of Hirtmi^ihcniuji^ pictrh, UHually vliarnrt'l imn nr the irplatc 
nu'tu ortlu? pari nf iht? plau? that cairit?>i the tuhf’*i. 


ih)ilcr inilcaitr ? 7lu,K5fj J^jlninrtrr?^. 



Fun 


15, ” 'TrarmvcrHc fi«?iurcH ai the ham nf the? dnrnc. 

Exclusively nmchaiiical, arising from caidltiriK cracks in iltc rtvric^l tMii «w» 

hard. 

“Kcplaceint?m nf ihc ferrule nf the dnrnc. 



•go 


INDUSTRIAL USES OK WATER. 


A. Copper FMmrs. 

Coi'mlons and Jissuw on th^ wdtrt %idi\ 
Boiler-mikiigeli 47L55* kilomnirt*. 



Vm. 5u. 

I, Faults. ---ConmiOnB and fiMuren, iwually kKaliwd trt iht? upim fMii of' ihr h^k 
plate of the box, and in the bend, 

.Causes. ---BQmWwg to and fro eauned by akernaie cx|anisii»M and iuiaimUKH* ut ihr 
plate, and by the pressure on the erown of the fur dnis. 

Weakening of the walb, necwniuiing ihr .ipphit 4 |i«»h «d niabdini* 
pieces or the replacement of tha platen, 

Boiler-mileage : loH, kilomeire’^. 



Eitu 51. 

a. Faults , — Corroslona and ftsiurei generally aituaitd it th^ ypi^i c#l shi? iislsr 
plate of the fire-box, in the bend, 

Bending to and fro under the actitHi of ih^ «« ilir r ruwti 

of the fire-box, and the expansion of the tutei, 

Weakening of the walk, necmhatlng the rd" |*ircr« 

with the replacement of the platet. 

3. Corrosions and fissurw generally h^alliitcl where iliis ilw fkt’ 

box meets the crown. 

-Camds .—Bending to and fro, due to expmn^on, iht thfn^it of %h^ awd ilir? 
on the crown, 

•Consequences , — Weakening of the walti, nteewliaiing th^ appllcnifi#ii;if ilsil^fipai 

or the replacement of the plates. 
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Hoikr-nulcu^^t! : 471,551 kilomctreH. 



4, Cormsitms and fbsurei generally confined to the crown, and ftdlowing 

connecting the rivet»rows to the c 4 gc^ of the plate, K^f^rally ccmimon nrar the 
tubc'plaie. 

Bending to and fro under the presHurc on the crown, and yruki th«? ihruit of 
the tubcfi. 

Inning the crown with a perh»rated plate with wide edgr^ w applying 
ordinary istiffcnent, or putting in a new crowfi. 
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B. Tubes of iron or Mild Steel. 



I. Faults , — On the tuben the corrosiorw mv «»t» ihr isf^pn hr 4«isi|| 

face and sometimes on the lower, but rarely occur cm ihe nnir^* 

Ca«5tf5.”~Chemical action of water, which actM on an wrU m no |44«r^» 

The importance of the corrosiorw to nuira^r#! ^Usrn il«r 

were originally not perfectly smooth inside and ntn firrHrraoHf rscoicrniH 

favourable to the production of corrcodon, 

The metal lf)He8 its nature in conwf|ucncr of ilm 4hos«r}ti4Sh Issjih tros|^ri4 
ture to which it is subjected on acctnnu of thr b^il c#»ii«loi Itfcg «sl slir 

incrustation. Mechanical action due to hrtuUn^ tay^rd h% shr #4 ihr 

tubes. 

Conssqumces.-^hOQti) cracks in the tubes, nece^iiiiiiOog plyi'nioi* »hI* thr 
of the tube. 


2 



Fm. 54. 


Ftiulh, - Cwriwoo of llir fnr-ls«|| «*S fhr lobes 
on fire side of thr inl^-pkir. lorio «4 

corrtmiati ctecurs K»ili airri 4od 

iutw». 

’Actfon «»f WAlrt 4t.«nooi| |'»to 

duccil m varmiis W4yte. 4*^ ilir lioirai of 
the tlrfrCU^r srs^rliof*, ihr of 

the Hot mil ihr 4«^i ihry 

thiini. 

In tfirsr thier «-4%r?4 ilttrir fakirs 

weiar, tlur to tlir rtiJu^ne 84 

coke. 

of thr 

tatirig repbeefoeoi %4 ihr frrrolr 01 «f ihr 

whole tuf«, 

K OTIC, -—I he ow of of turn o? f«ild 
steel by the Cowpiiffoe 4e 
more ami mm generah 
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We thus see how energetic is the action of the waters on the 
iron and steel of boilers, The red copj^er purls of the furnace 
bathed by the water are only feebly attacked. 

In the case of c:o[)per, the [)il tings are not so deep as in the case 
of iron. It is rare to find corrosions in the red copper pari of the 
furnace on the water sitle. In all cases they arc ])rinci|)ully of 
mechanical origin, and generally are simply gaps between the 
plates. 

Cor/vsitr S/i/isl(in(Ys in Solniion in t/ie 1 1 "aier. 


An eminently corrosive water need not necessarily show an acid 
reaction to begin with. 

The salts in solution in the water, in addition to a direct ccjrrosive 
action, which they may have on inm, are often transformeti, under 
the innuence of the temjKTattirc* attci pressure, into cRher botlits 
cai)al>lc of attacking the metal very energetically. 

The experiments of ('orjmt, and of Scheurer-Kc^stner and 
Mcunier^Dolfus in collaboration, have slnnvri that the airrosion of 
iron is due to the appropriation of the oxygen tjf the water by 
tl\e iron, the reaction beitig aidetl by the [irt'scmcc of carlxinie acid, 
and the cxi)erimentH f)f Petit have shown that carbonate of lime in 
water will attack iron even in a cold scjlution. 

Ah a matter of fact, if we put porphyrisei! iron filittgs into a cold 
solution of carbonate of lime neutral to [ihenol plit.ileitie, we note 
that a certain tpiantity of neutral carbmale of lime is soon pre- 
cipitated and that the iron at the same time enters in stdiUiorL this 
reaction continuing as long as the iron is kept in solution. 

Water containing only carbtnnc acid and nothifig else cpitekly 
attacks iron, The iron enters into siilution and hydn)gen is given 
off Thus carbonate cjf the protoxide of iron is obtained in sulution, 
and on exposure to the air this turns turbid anti ile[HHitH the hytlrale 
of tlie scst[uioxide of iron. The action of the iron on the hii arlKnmtc 
of lime and on the dissolved carlKmic acid, will explain the way in 
which iron tanks and pipes are attacked and aim the rationale tT 
the process by which the sugar boiler purifies his waters and syrups 
with iron filings. 

Finally, the corrosive action of organisms in the mm water must 
not be forgotten. As a matter of fact sea water is capable tif very 
energetic action, as it contains ammoniacal, nitrous and nitric fer- 
ments. These are found in the largest tjuiirttkies in the water 
nearest the .shore and especially in that coruaminatixi with sewage. 

The corrosion of metals by secretions of bacterian origin has 
been clearly proved in Germany by a microscoju'cal examination of 
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type after use. This conusive action amid 1h> traiisfcrrcd to iu*w 
type, and it was found that it stopped at once on sterilisation in thr 
stove, thus proving indisputably that the attack on the metal was 
made by micro-organisms. 

We give the results of some inteiusting exjteriinenis inmlr h\- 
Baucher, principal pharmacist to the navy, on the effect upon in.n 
of different waters. 

The results shown in the following table were otitaim-il hy e.x- 
perimenting with well-cleaned and polished blades of iron of the 
same composition, each weighing i« gram ine.s. and steejw.l fbr eight 
days in each of the specified licpiid-s. 






Distilled water 

Hi 

id 


,, „ fresh boiled 




,, ,, sterilised . . . . 

,, ,, boiled, then naturated with 


** 

S A 

. oxygen 

it 

1 


„ „ boiled, then wUiirated with 




carbonic acid 

7 


tit 

Rain water ...... 


a 

tH 

Tovv^n water (Divette) . . , . 

Sea water from the basin of the Mature 

i? 

d 1 

t 7 

(Cherbourg) .... 

iH 

hjI 


Above water boiled , , . . . 




„ „ „ then saturatetl with 




oxygen . 

Its 

n 

m 

„ „ with seaweed 

I* 



Harbour water 


s 

Mi 

The attack on the iron usually 

airruneui'r^ 

ill a frw fiiifUilrH, 

showing greenish traces, which [Hiroxidin* later 

tiu. Wfini 

ffifU'r 


the attack has commenced, the corrosive actum {irin erih regiil.irl,\ . 
aided by the electro-chemical phenorneiia *-t up lu-twren the o.sides 
formed and the iron. 

(rt) Corrosions Cdusni t*y AiU f 

Let us now examine the aetimt on ir<m «»f the i.dtH tnou 
frequently met with in watens, and we will snpiwise, to iK-gm w ish. 
that the feed water has been acidiilatwl with thr aci«i-» of the 
This occurs because natural waters am frtujucntly .u id when ihry 
have been collected before the neutralising effect of ihr carlKimiti '* 
in the soil has had time to operate. 

Hydrochloric Aold.—Water acidulatetl with hytlrnt h!«»ric acid 
attacks iron energetically, producing soluble ferrous chloii.lc and 
freeing the hydrogen 

Fe + 2HC! ■* FeClj, + H|. 
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This ferrous chloride is rapidly oxidised, and is traiisfornied into 
ferric chloride clcpositiiif^ fLMTic oxide:— 

rtJHjCl, -h 3() - 2VcXAa 

In presence of steam, and at the high temiKTaturc in the boiler, 
there may be still another reaction, in which hydrochloric acid is 
produced : 

3Fet:i, 411, 0 - be.,C), 6II(‘l 211. 

Accordirif^to these three reactions an inlentu'diale oxide, 
and two ferric sails, bV.,(ht and hc./d,,, are obtained. 

The steam decomposes the ferric chloride itself into hydnj- 
chloric acid, which is rei^eneraleil : • 

Fe..(:i„ 3 II./) hV,(), f rdK1. 

The attack on the boiler-plates thus results in the continiunis 
production of oxides of iron, and the regeneratiem c)f the hydro- 
chloric acid. A cycle of corrosion is thus st4 up, and hydrochloric 
acid is |)roduccd. 

We will examine later the reaction caused by the chUn’ides 
formed. 

Sulphuric Aclcli- A water ctmlaining sul])lutric acid in soliuitm 
gives analogous reaction to that of a water acidulated with hyilni- 
chloric acid. 

To begin with tlie iron is attacked, fernais sulphate is formed, 
and hydrogen i.s givett off:—- 

1 + Fe heSC,),| 4- 2 !!. 

In the boilers, however, this ferrous sulpluitc* oxidisttH, forming 
normal ferric sulphate, which remains in solutimi, and ferric oxide 
which is preci[jiliitecl : — 

dFcSO^ -F 3O - 2Fe,(SC),j), F Fe/),, 

'riu’ ferric sulphate obtained is decomposed by the steam and the 
high temperature, basic ferric sulphate is precipitated, lual sulphuric 
icicl set free : 

sbe.tSOp., - (I'e,C)/.SC). F 

This regenerated sulijhuric acid attacks the iron artew, and in 
an oxidising metiiurn forms ferric sulphate, and the cycle of re- 
actions which we have just describecl reciimmenccs. 

Another body, the precipitated basic ferric sulphate, can also bi* 
reduced in the same way as any other ferric salt. The constaiuence 
of this reduction, which is at the expense of the iron of the boiler 
plates, is the formation of a corresjamding ferrenis salt. 
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In the case of normal ferric sulphate we obtain : - 

+ Fe 

In boilers fed with water ticidulaled with sulphuric- acid, in 
addition to ferrous sulphate in solution and ferric oxide;, a deposit 
•of basic ferric sulphate may be found, if this has not Ik-cii comitletely 
reduced by the iron of the boiler-plates. 

Nitric Acid. — In the case of a fca-d water acidulated with nitric 
acid, analogous reaction.s to tho.se fnrnislK'd by hydnu-hlorie acid 
■and sulphuric acid are obtained. 

Formulae of Acid Attacks on Iron. hVorn the foregoing we can 
•draw up concise formul.'u showing the nature of the reactiojis in the 
corrosion of iron with the acids of the s.ilts most lre«|uently met 
-with in waters : — 

1. With water acidulated with In-drochloric aci«l ; 

3 FeC 4 -b 4 H ,0 Fe,(), + fdK:i 

2HCI - 1 - Fe - FeClj + 2H !-e,fl., f he il-efl, 

6FeCljj -I- 3O 2Fe./!l„ 1 

Fe.jCl„ » lIIjO I'V.l), t dJIl’l. 

2. With water acidulated with .sulplniric acid : ■ 

3 FeS 0 ., -R 4H.,() Fe^t), 4 jU » 3 ll,S(), 

HjSO.! -R Fe “ FeSOj + 2H Fe^,(SOd.i Fe jl'VStJ, 

6FeS04 -R 30 2 Fe,,,(.S(I,\., 4- 

2 FtyS(),i, tKe/J,!,SO, ♦ sHO, 

3. With water acidulated witli nitric aciil : 

9HNO3 -R 4Fe =• 4Fe(N0a)g 4 - 3115,0 r N 1 1, 

Fe,,(NO,), -jFefXO,;, 

6 Fe(N 0 a)a+ 3O 2Fe,(N0*)„ + Fe/>3 


Fe_,(N't)j)„ Hrtsie ferric nitrate 

+ UNO,, 


{l>) Corrosions Caused by Water CoHfainmg Satfs, 

In considering the attack on iron by acidulated waiter, we showe«l 
that certain salts, such as the ferric sulphates and chl«»rides. were 
eminently corrosive. These salts, under an appearance of inertia, 
may attack the boiler-plates cither directly or indirectly, in reaction 
with other salts. 
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We will now cotisitler the corrosive action of the different salts, 
Goinmencin^f with the chloritles. 

Chlorides.— h'erric chloride is not the only salt which may 
exercise a corrosive influence on l)oilers. 'Fhe instability of chloride 
of magnesium makes it also luirmful in this res|K'Ct. \Vv have already 
noted the easy manner in which this salt is det:om[)ost'd at relatively 
low temperatures, in writing of the solubility of salts in water 

Its decom[)osition lakes ()lact; according to the folltnving re- 
action ; 

MgCl, + lip - alien f MgO. 

niic hydrochloric acid tluis freed commences the eyedt' of air 
rosive reactions which we liave just prc'vioiisly noted. hVrrotts anti 
ferric chUtride are (nnned, atul the decomposition of the latter sets 
up a cyclic reat:tit)n. 

Chloride of magtiesiuni is itself vtay corrtrsivt% and another saHv 
sulpliate of magnesium, which alone may he ctmsidered as harmless 
to tile boiler-plate, becomes t*xtremelv" corrt)sive if the water ludds 
chlorides in solution. 

If we represent tht^ ehh>rides by the formula Kt *1, K representing 
a monatomic elenumt, we obtain the reaction: 

MgsOj t 2ic(i 4 n.o - Mgo f KySOj f jiicn. 

It will he seen that a corresiuaidhtg sulphate is formetl and that 
the hydrachltjric acid is set at liberty, and oI course tlie cycle of 
reactions which wc! have just noted commences. (*arlHHiate tif 
magnesium vvitli tin* chlonties may nho lead to the formaluai of 
chloride of magnesium, tlu^ cornssive effect of which is known; 

MgCO, + 2NaCI - MgCd, f Na, ('(),, 

MgCL H.C) ■' jUCI 4' MgO. 

Although chloride calcium is mure stable, the’ -4eam and tht* 
high temperature may decom|-inse it in the preHcnca* of otlier 
and corrosive substances may l>e foniu*ck 

Chloride of sodium has an extremely corrosive aclitiri on iron in 
the presence of .steam and silica;— 

SiO^ 4- aNaCl -p H,0 Nic.SiC), + 2HCk 

llie hydrochloric acid thus formtxl then attacks the iron in lh«* 
cycle of reactions we have already descrilMSci, 

In waters containing organic matters chlaritle of ariuiicaiiimi 
may be met with. This is an instable salt and may have a cor- 
rosive effect r - 

NII^C! 4» Fe - IICl + NH^, 

Hydrochloric acid is formed, which reacts on the iron to give 
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ferrous chloride, which is thcu subjected to tlie 
already studied. 

Sulphates. — We have seen, in ccjnsitlerino 
acidulated with sulphuric acid, that ferrit: stil 
body, and we have indicated the rt'actiivns w 
presence. 

Another salt, sulphate of aluminium, Rives , 
reactions, and like sulphate of iron must be i«i 
sive. Under the influence of heat, oxidtod' aliiiii 
and sulphuric acid set at liberty, and in adilil 
basic sulphate of aluminium is thrown dinvn : 

slip + Al.(S()da AI,0, t si 
Thus the iron is corroded by t!u* siilphnrie * 
As for sulphate of co|i[)cr, which is soinriim 
tion in the feed water, it dej)osits metallic n 
plates, and the sulphuric acid set free attacks it 

CuSO^ + Fe I’*eSC)j i- C'l 

The ferrous sulphate thus ol)tained Huliin 
which we have studied, and is transfurmetl iiit 
body. It is an interesting fact riiited li}* rnit, 
by water containing alkaline* sulphate even in a 
If a solution of sulphate of jiolasHftiiii wiifi 
and carbonic acid \m made, it will Im fiiiiiiii i 
containing 0*091 gr. of sulphate tif pi iias^itiiii 
for eleven days, at a tem|)eriitiire of 1 * 
phyrised iron, has oxidised 7I gr. of irofi, 

If the water contains 11 notable utiaiiiiiy of 
of the iron is oxidised and another part eiilrr** 1 
Thus 100 gr. of porphyrised irniL lrrali»*l y 
ditions in a similar solution bui ctiniaiiiiiig eaf 
nearly 15 per cent, of the iron inni mmiy H prr 
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the sulfihides which do tiot |^ive off Hulphurettcd hydroi^t^n os 
ing" SIS water are those which are not transfonocd into hy 
under the same conditions. 

The sulphides of the alkalies and of the alkaline earths ar 
which are easily s|)lit up ititcs the oxide of the* metal and snlphr 
hydrogen, and tlie suhsetiuenl oxidation of the sidphun'tted 1 
gen firings alHUst the formation cd* hyposulj>hite of scKlium - 

4Na,S t 4fl,() t 50 Na.S.Cf, 1 (iXaOH f IL.S f < 

Sulphuretted hydrtgen is often met with in waters wind 
to begin with emitained sulpltates in the |)resence of o 
matters. 

If water tsmtaining sulplnites and tuganie matters is fc* 
the steam hinler the Ihgli temperature aids tin* n*dueing ad 
the organic matter t>n the sulphates, whidi art* transformed in 
corn‘Sj)omiing sulphicles : 

CaSOj i 4C ' 4td ) I- C aS, 

We ha\a* «lt*teeted the presence of stil|>lhdeH in the profii 
boiler eorrcision. 

Sulphurettcsl hytlrogen arising from the iIecoiti|.Misiiiiiii 
sulphides may ht* oxidised am! transfiuined into siilphiiric ac 

If,S T 4O - 

l‘he formation of this stilphiirie acid neeesHurily brings 
the cycle of corrosive readioiis alit*,idy slmlied. 

’Tile difec!t attack on the iron by the Hti!|i!iiirettetl Iiyr 
takes place as follows: ■■■ 

Fe T HyS ^ FeS T *!ii. 

The sulphide of iron thus foriiied is rasi!)* deciufiposeii, 
chiiiiged into the hydrate of siiliiliidr* which gives siiijihii 
hydrogen : ■ 


FeH T Hyt) Fed 'f 


|4 

i 

If 

salts, sulphates a 
acid into ferrous : 


Fe,(SO,)» 

ii 

The case in 1 

g 

reduced, with the 

1 

1 

of course the aci 

fi 

i 

the sulphuric acic 
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»/. Formatitiu of 

Cfiltn’iik t)f iii.tijjirniutn ami ntram 
*Su}|ihatr «»f fiiagitrHttini and .tlkalitir 
chlnrtdrH , . . , . 

Silita and alkalntr Odnridr*i 
l•’crric idihaidr ..... 
^*f^rou»4 idshn'idr ..... 
'Cuifaniatr i>I magnr'atnn and vhlnudn* 

C'hloridrcd'ammiHiinni , 

i\ Fop'moihm t*/ 

Nannial li’rric *ini|4h.nr 
.f’’rrrintH niiljdiair . . . , . 

Sui|dnn'«»i}H a<ad, ?ail|dnfr 
'SulfditnainH atad and frtur 'adjdiair 

'Siil|thyr«inH atid and trim; rhkntdr 

'Stil|dnirrlird ln‘drii|.;r«. f»til|dndr»» , 
hidfdialr <d‘ iaU mm and inaiiri** 

‘Sal|djair id aUmiiiimm . , . , 

■Siilphair tfl'ammMttHim 

Hnl|4ialr itf tai|i|irt . . , , 

Sitnninl Iniir iiilialr , , , . 

Alkalinr tnltair and aitd ^id|4iam m 

i*til|dnim* arad , . . 

>iiif*4lr »»f' aiiitiirniinri} . , 

/mi/wr#/ of Arv# 

lllr »itliiiyliotl r^diiiUiatiuii « 
ir^ ititit ifi lln^ir 


// rdroo/i/i^m' . IfM, 

MkEI^ f ^lp > M^O |. illCI. 

M^SO, 11.^0 |. iNaCI ■ Na.St)^ 

allCU 

SiO,^ f .fNaid |. H./l NaySiO, j 

FrAIIg t' }\ip ■ Fr,CE i- 

allyO Erd^i I lly I edl< 
M^CO, I j\aiC‘l a NayCO^ 

♦ AliX 

SUFI ■ t HCI 

iEr.,|SO,|, CFr,0,BH0, .f- ^SO,. 

f. illyO FVjO| ^ * all 

so^ I |{,o I o ■ . 

ll,HO, f FV,|SCt^i, f. ft^o . il'cR 

ail-AiV 

Si\ f Er,idrt t’ ill,0 : aFrClj !■ a! 

n,so, 

ll,H .|{» . 

4l.aSiL !■ L 1 •■■■ CalOlil.^ 4 i 

♦ ill-P ■■■ Wh ^ 
INdl^LSO, aNII, « IIA*V 

CnSCIj F'r FrSOj ♦ Cii, 
f A'V/#‘iv .i#?*/. 

Fr,lNO;L 1‘Vfiit iiiiiair ^ IIKiL, 

NaAO, f KallHIl, -• S.ipU, 1 liX* 
AILXO, . . Kli, 4 fiXll, 

r ami fIV// lla/n, 

»!' %v,itrr 4 ii«l ilrc|i wril w 
.iliiiii tliry lum* iiidiiy ii<»iiil' 
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It may be said, therefcu'c, that the two 
alike in their action. As a matter of fact tlic in 
forming salt, sulphate of calcium, is met with it 
in sea water as in deep wtdl water. 

The other salts in solution in the water ass 
less extent, but it is this salt which is tin* iuonI 
point of view of scale. Other sidts, among^'t wh 
and especially chloride of magnesium, arc* cfuii 
and are corrosive. 

Sulphate of magnesium also found in b»tl 
corrosive by the reaction of other salts. 

The salts, scale forming and corrosives tria] 
groups, the sulphates and the chlorides, and 
water and deep well water .should he* arrange** 
neutralisation of these acids. 

Sea Water in the Boiler. When sea watei 
is a rapid deposit of saline matters, witli which I 
very heavily charged. Sea salt is the prtiici|i»il 
large obstructive masses at the bittom of the I 
interfere with the regular production of Htemii, 

The inconvenience of this is fell iiarticii^ 
multitubular boilers, as, for instiince, those of' 
begin with, there is a large wi-istt* of fuel ram 
ductivity of the saline mass, and the 
engine stops for lack of steam. 

In addition to chloride of scMliuin, otlirr 
smaller and larger projKirtiori, and iIichc ro 
effects of the salt either by precipit.iliiig or 

The sea salt is always accom|iatiit!d hy sitl 
most pernicious of scale formers, and hy nr 
chloride of magnesium, the easy deaniijitisii 
to corrosion. The remedy on iMiiird ship is 


KKi:n wwiKii nni hoilkrs. 


are iiit.cTt‘sti{i|{. 1 lu* t\rst (ireeauhun tci take is to prt'vent the i 
positiciri «»f the sea salt, ap<i this eaii Ik* done by t«ikiiig' into c< 
sideration its etia’ffieieat ot siiluhility, and ascertaiMiri|4 tlie dc'g 
of (.aaKanilratitai (4 the sea \vat<*r lualer the* influenre of heat in 1 
htiiler. 

.'\s suon as a dejpee of enUi entrata»n is rtsiehed ma’Rlibour] 
the co-effieieut »»( soUdiihty .it the t*xistin^ tem|HMa 
turc, the comaailrated wati'r is run off ami a frc*sh 
supfil}' «»f Hi*a watcu' is iiitr*»dui‘et|. It is Unaaidre 
usetul to kiiiHv at what drip'ee til eouceiit ratirm the 
sea-salt deiitisjts t;:. annienee to fonii. 

'I o a.seertain this, a -*orl *>l hydnaneler knenvu as 
a saturoinetrr is used 'I'liis differs only' from the 
ordinary iiistruitienf in llte manner in which it is 
marketl, ‘ria* u mark tin the stem is the jioinl: to 
wliicfi tlie hydrometer wdl sink in distil!f*d wattu*, 
ami the* miiidrer m e* iljal uhieh will be !e\'e! with 
tite surface of the lnjuid in a coiitaiiiiiiR 150 

itraiiiiiies of se«i sail in lyiofi cubic, rent imelrt^s of 
water 

It is estiiii,tted that the* Irmperaiiire ot Wtiier 
frtaii file coudriisatitui i»f sfraiti is i|| C*,, anil file 
liradiialioiis of' the s.iluroiiirtrr are made at this 
leiiijieraliire and llw inirraal l«-twreii llir o and the 
10 IS divitifsl into fs|tia! parts, that' l" irad on llir 
iiistriiiiiriil -diMWs an m» tease of one Ihoiisaiiilllis 
III the tMiiicriiiratioii of the sra water, ■^'***- 

C.'iiiisetjiirnily if ff is read on the lt>“dniiiiefrr iii tiirin, 

iiiakiii|| a test, ifie oaiceiiiration of the w.tirr iti llii* builer is #1 k ij'ci 

Wr liierrlore nblaiii the lollowiiig lalile of t iiiit'eiilratinii, 
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Formulae.— Supposing that we have foil 
saturometer reading, this number thcrefcTc cot 
and is given by the table. 

If TT is the weight of the water in the hi 
weight of salts in this water, we c}l)t«un tin* 

X ■ 0035 X Btt. 

It is evident that this formula allows us to 
unknown quantity, and to make calculations acia 
quantity sought for. Having ascertained llu* tf 
of the water, we can tell when the saline depo^ 



Fio, 56.— ApparatUi fbr tlir H.itiitttitii'iri il 

These deposits ‘(commence wlieii the nimt 
in the boiler at a given tempefiitiire 
of solubility of chloride of smlimri ;it thi^ triiil 


I'KHlt WAIKk KciU lUill.KUS. 


I 


Ti) simjilit'y tlu> tuilculiitiiiii, vvi- will tala- it fur ^rantfd that tl 
tuinin-r.iturf is <^5 atitl n-phua* in the precetliuj^; eiluatiun tl 
letters by their vahie, anil taking the eu-eftk iciit uf suhihility of s 
salt at lyi; t*. as o , <(;«*, the eijtiatiun will then laxuine - 

f ^c.r^Ki 

I 

Application of Ihii Formtiliit* -AVi/ will ii«nv s,vt*k in the Udi 
alreiui)' pre|iar«ni ft»r the ’'*alorninel«*r «!t*|*rcn,' wliitii 
with thi*^ ruiii'riOralirifi niiiiihrr, iiiHi. 

We iH>tr it r«irre*4i«.Mi«h with 7%H tin the stem nt tl 

HHtyrcnriiier, 'riitH, ihrrelore, w'heii the ?*aliinatietrr iiiarkH 7 
tii water 4I i\ ium\ lh«^ boiler^ flejitiHiiH nf sea nalt w 
fliriie 

11ie rle|{r«*e r»%el *111 Ihr ^afiiruineter. laiwevrr* in never cvkiu:!., 
tif eeiur'a? Halisi nilirr lhafi rhlMriile uf st*«liyiii are in Huhiiitui in |1 
He,i water, Ttii** i% taken intt» aerinnit in tlir luwy, anci a ve: 
wifle limit 1*4 *i!Iuwe«l. 'hhr* "^altiruineier iie||ret* in nut. alhnveil 
rxeee«l j. 

Ah HUim as tin* ri%ithii|» ui the* saturuinrier shuws thiH 
the Wilier is rnii tiff by a laji *i|»rrj 4 t!j* |irtwnitrii fur this |iiir|iie 
rtiis is al the li**ftuni <*t llte liuiler, atni a iiiIm* jK*iiel rates m 
the iiilr*riur lu eKtra*i the water latleii willi sails, the exfiifiskiii 
wfiieh is hii'ihlatetl by tin* iiitrriur jnessiirr. 

Alicitfliir Forintila* Vu t.hanijr the %valrr periuiiirally ant! stii 
eiriety fieijiieiill v» llir laliu tu eslabltslieil ti«*li%"erii ibr ivri||iil 
extrari and that uf the siraiii nenrralrd fu'^liveeii Im-u riiiiiiiii||s«t 
Is aserrlaifieti . 

dr la 1 iMti|ii|lirfe has iin'^riilrd *1 'Vrry iirat f 4 iriiiiil. 4 i 
effeel ilijs t%di:: Ilia! inn. 

We mil rrjiresriil. hy F the lulal ivrighi nf’ ivairr tii tilt* liriil 
til l!ie liiiie mlini Jiin'ratiufis are runiiiieiired. Let f he llir wei|| 


io6 


iKin^srutAi. 


In the Mkt there mmiim V 

salt equal to 

After this, the re^l of' llie U^-^h - 4 i 

is introduced, which e *!•■= 

Until the iH*xt ruriiiitig-«eT 
distilled water is evajieratrt!, 

Hut this weiglit nf evapir.ifrd 
feed of n weight / «if ttaO't w 
quantity of sail equal tti /»f 
By what has jireceded, ilir tir* 

By represefiliiig by X llir iiimi 
passed, we obtain llir Itif.il 

In the following wr 40 

sea water, which brings tt■■illl ii a 

If we allow fiir Itiis fici m ilir i 

{ . w ^ 

* ' 0% # I e 

K * ' 

This IS the wdglii «»f ^\hu r, ^ 

the quantity of wairr i' W.* 
b of saturation at the oiian* '-i! ■. un 


lliu SSMi H I'MH 


lo; 

Wt* hiivi* tlniH the* value* that we* Hciuglit fur. ilial is tci say tiu 
valui* lhal must hi* itiv*‘U tu thr wri|*Ju tt cif walvr lirawii t>ff ii 
mriiis vjf llir «lri»rrf* t»l % 4 furaliuii wh!i*!i mu*a imt he* c‘xcecclc*ci 
iukI the* vfiitlrulH *»!' ih*- huilrr. ru| irf*N«‘ntufl b)* l\ tlir lutal \vth|.^ht o 
water in the* livnlrr, 

\Vu little, iiiiH'f'tJvrr. tliaf tluriui^ twu I'.msrtaitive riimiiiigs c iff . 
weig’ht / tif u.Urr h*r-* lu-rfi e'a|ts}rr%f*<i. 

SuiijHinr tljr fri'il i.:» tn! miint ; f aiul w aiHiii! tMtii utlita, bill 
tlu*ir ratiM iMuaul’* tb<* fmiit , 

f i if 

w a 


If \v«* i’liiieiuiiraie !«» irn tiiuvn thr tlei/j'i'i* ul v-^aH’rulraliviii er 
water in itir *4 m, \%v Mblaiu ’ 

i' Itjt, 

,Ui«i i't i||M.s.|tiriith ’ 


w 

/ 

I IM .iy,tiiuiir% .U’ -4 at *4' '•tenilsl run iif'f |«a 

kiletltr.tmillf* «»! ‘Ueam |tMn!ui'«*ti It i'» li**<e%naiy la r\.illll!ir *llsi 
the i|iie*4i«in *af flu' *ail|iha!e *4 ♦'ah iiiiii rMiilaiiital iii ifir him walin 

Infliiifioii i.if Ihif HuhnUtimm Umtulning in tint Waltir* 1b 

lirg'ifi wiityiliiH |ii4t'ti*r miiHf Iw* |■Hll*lrllir^rth an it Ir.nrH a tiariiittr 

layer i if -ail ji||4lr mI tabiiim m the mai'llir lt«»ilrrH, |iriMilir'rti III lar|.^t 
ijliailtilirH III till* vr-i%' atteiii|*f lx* avMil liir «lr|*H-sil ^4 him nail 

All ihf* liMiililrH bit'll %%i' liavr alr«M<ly'' *!rHt‘riltr<l aiiHr ii’titi: 
llliH, 4f|i! flu* mlcuiririit f- with lltr ji|sidlis;1iori iif HlrUIll ih Hiiflirirl'il 
hi lliabr li*i ihin Htrm 

Si t Hafei abv.n st -aUamH *ail|»li.iir mI eabiiiitl, iiiitia|i|iil> 
tiir |H *|iin IJy and Ulia%s*idalil)% .tin! 'Willi tilt"' eiiii 

slant irAi4i;;siin tli<^ UMilrrH ih*^ %^Mtrr liiiiy lir ii**l |iarlit iilaily 
Ill Hiil|i|i 4 h H ail'd iri »diii.'r srak* **til *4 a!! |irii|iiirli«iii 
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attacks the boiler-plates as we have iiliTritly 
•occasion to examine three samfiles of clc*{io 
.and analysis gave us the ft>llowiiig re‘^u!t-^ : 



Stj. 1 . 

Sulphate of calcium . . . . 

7 r ju 

Magnesium salts (as MgO) 

715 

Sulphate of sodium . . . , 

j’ti; 

Chloride of sodium . . . . 

«rji 

Ferric oxide 


Organic matters . , . . « 


Loss 



The second sami^le contained a nitlidi!t* 
matters which showed thtj presence* of iiitrat 
:a matter of fact» it was easy to pnive lha! 
by testing with sulphate of diphenjdartiifie, 
As regards the iron arising from ctirroHii 
■the second sample showed the he*iviesl jirop 
• and this corresponds to the largest prti[iiirii*»ti 
in the three samples. In the third saiiipk^ 
.pounds are in the smallest propuititin* 
product resulting from corrosive aclifai mi 
♦oxide, is also in the siiuillest projMirlifiri. 

Each of the three samples coittaiiied 
proportion of the sulpliale of c%ilriiiiti, wim 
this salt when marine boilers are fed with si , 
•described is adoptecL 

Another method therefore* of avoitliii|; !iii 
sodium must be adoptecL 

Prevenium ihi limruxiini* am{ 

iiw/ IhY/^ ffV// fTtl/fO 

Two sorts of troubles have Ititivlure in I 


V^Att M FuU IfiilLKItS, 


to 


the uf st*.ik\ liut will aUu iieiilralise llu’ ccirrcisive aetun 

ll'iis riuist hv ihnu* with«Hit iuirHiiucing sulislaiires iiiln the watt 
vvhicli will »»nr ui thenr in diiiiiiiiVJiinit tw Hiip|irc*H5 

ing thi* tit her. 

We shall "4*e lh»it ver\“ few reoirtlies hilfi! llu*^ 

cntiditi«ais. 

Zill€* /iiti' e* a reiiietiy f«»r the e'Mrrtisw'i* aelitni uf ivaters, hi 
it thr*'* t'tiiiiphiely firevi'iil the ttirmalaiu nt seale. 

VViieii /iiif e-. iniu !»MsIeis, the laaTtisivc- action of tl' 

water in i!ireilrd Im ihe^ nietal. aiiil thus the iron is not allaekin!. 

I'his fact was noted ui iKKi m soinr sleaiii tioilers lH*!cingiu|...*’ I 
B, Nairiiitiiiil. It was inaisi that iii «air* *4 ihr liuilia’s whit'h hii 
tirass stays lluae wa-. iio iiinssniuii, hut llial the /.iiic in this all* 
hail coiiijilrtc^y thsa|»|itMii*-i, hcniug the cojifier bare, 

Aiasiidiiiy, I** l ,e-airtir. rvlirii Hvii tiieials «if iij:i|niHil:e fialiire a 
plac.ri! ill a comlia taiyt Hieduiiii. an elratrie f/iirrerit is net up whit 
flow's from the ino-a alia* kr?l lurial to the least allarktai. ami npli 
lip the wafer mlo its e'lrmenls, the o\yi;«.*fi acting on the /iiit' iii 
iiKiiliotig it, and lie* In dtergr'ii being sr| at libaly Iroiii file po! 
live pole repie'.r-iitrd In- the non. In llic-. elrdtsi eheiuical eoiip 
the iron is polaroietl I'hr hvdrogiai thus shields it from o,%idalie 

Till* In alriigrii is said to be an olofaeir in llu* loriiiatiiai 
sCiihc lull |tfrsriw'atoe’ a^ lion does le.a iast vi'iy !oii|y arid I 

siUile hiriiis siioiifi ot lairr 

In ifie ti.n a lolotpaiiiiiie of /ifie i«ii' large Iwiilecs ami 4* 
|.|r*iilillies i*ii iho-.e i**! !*»r|^*do ari’ ii}li‘«»e|iieiai sgii.i 

inrlfO eif I'lfMtrd -an Cier I ate miisl Iw taken lo rr|lio\-r llir III 
Ilf /IIIC o^idr framed from limr fo linie, as tins eoatiiig prolri 
flit* vUiii ifoiii ainieL,.oio lltlis piei'rails the iofitialpiil oi lilt" elerl 
Iiiiiriil U Im-ii plOes of iiiu ao" Uwd iliry are siis|ir!«lril in I 
hi ail f In \iiie% *a' a * ^aein*. IrCT inelai. 

I'defdfiigiUiPi** /me e|o|«*s .Of'- al-'-o lised in 1 1 aiiiiay s rirt t 

I i%4’ .1 4 a I ii’lii 


no 
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■are arranged in the form of a star, and ciniiiiit 

by a copper wire. The steam pnxlticeH eim ti 
the star into the wire conductor, and by thi* 
solid particles in susjjension are charyeti ni 
as they touch the boiler-plates, and ;ire repi 
they are not able to form scale. 

Lime. — A favourite method in tlie navs' 
is to make the water .slightly Irasie witli lime. 

In feeding multitubular Iroilers, soft water 
kilogramme of lime is added jx'r eiibie metn 
tainly prevents or diminishes the corrosive 
the encrusting power of the water. If the 
sufficient quantity, it will neutralise all the 
precipitate the metallic oxides and the oxifle 

Mg.SO< + Ca(0 f I - Ca.St ), ♦ M 

By the decomposition of chktride of loa 
acid is formed, which reacting on the lime giv 
a much more .stable IxKly than t hloride of 
capable of corrosive action. 

The sulphates contained in the sea w.it< 
give .sulphate of calcium, which leiuis it', .ism 
in the water, thus increasing the enme4ini; a* 

In deep well w.ater the |irii|ti»rftint of a 
high, and this greatly increases the c‘m ui'.iint; 

To prevent scale-forming deptsif.. in hoi! 
waters, De Sdnarmont adds cl.iy in .i xt.ite ot 
lime. It is evident that it is advaiit.igi ou 
before it is fed into the iKiiler.'. In the < .t e 
suggests the use of lime in exie.... whi.l 
magne.sia. 

The excess of lime in solution in the watt 
bubbling carbonic-acid gas through the water 
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I I i 

By ifitrttiliHini: i'.irl.tnii»tlr uf t'alniini into lioilrrs feil with ciee| 
wc^ll WfittT ihr »ail|»ii»itrs «if tlu" uf ifiin ami of aliiiiiiiia an 

<lec*oiii|Mwini, anil ihnr «»f irun aiiil aliiiniiiitiiii arc* |.ir<‘ci[iilatiai 

The ‘ailfiluirir acml v* tlicai Haltiratmi, »a,i!|iltalr of aildum i: 
foroirci 

As ihr the* ‘4ilplialf* ai {'tniiaiiird ifi the wain; it i; 

not cln’omptisni an with limr. 

Wlini cairtisiiialmifT-ali ujiii maaf the jjiiaMlity «»f Hti!|iiiate a 
calcium |iriinilivr!>' i:«mtauif'it m the tlvvp widl water is nut diiiiin 
isheci, tail lli«‘ iim haiju;al .u Iimii uf the rlialk seems to iiiterferi 
with iIh* tTyHlallinalioo o! tin* niilphatr ul i'aliiiiiu. 

CllUitiu ScmIii Iifid PtitilMh* I lie i:aiistii. alkalis are vrr\* Fflieii 
Clous j*revriilalivrn of iMi-oranie liui it imisi imi be foriailini Ilia 
they rife e.x|*eiFavr |»roi!m'|n, 

111 miillitiilHilai' lirairu's eaUHlit' SMila is ofirii useil iiistraci ri 
lifim III the rase nl i|rr|i well walen, raiisiit' soila is also used 
The ferric sahn ate jios i|iaatr«k tail iht^ sii!|i}ialr aliiiiisiiiiiii 
reiiiiiiiis til s«4iilieau a** it irdn-iMUrn ill .lu esc<‘%n tif' the reagent 

Sfwla aels *ai l!ie » hh»riil«’ <♦! iiiagneniiiiic |iirrajiilat jiig Ihi' uKich 
of magiir^-aiiiii aiid tiriiliaieatig ihr lyvdrMi lilorir acitl. 

On niiljifialr of raleium it Ii.i% liardfv any liiit iirvrrlhrles: 

if llir wsilrr * oiilauin ahai earlittiiate uf * aleiiiiic carl^niatr of sufiiiiii 
is foriiF-fl, .Hid tile |»rr« iiaiatrn the siil|ih»il»-*' of r'alniiin, 

Carticitiiitii fif Siidfiim^ t\irliofiaie of Hufliuiit i% a firntaTm 

riatiniy lor tail lainffoi *aro’av'e w4iri-4 |t acts oii tfir scale 

liirifiiflii i|iia!ilir'^ and itie iorr.^*avt* iiiflynirr of sra matlrr aiitl drej 
weil wafrr. « nlaiii tiiln twos-' |o hr t.ik«m iiilo I'oiiniflrralioii it 
using it* ill Older I** iiiak*^ liie irfurdy rfficanoiin 

Clli itir ¥f^'y eorio‘a\T of iiiagrir^atiiiw its atetifiii in 

follow n 

I tin HJI^-^-aSaCI ridin MiH O * Xh; till , 

4MfSl b * 4\ Id 1 1, t lly ■* illgl I b f \ig f III t t O. 
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oxides are precipitated by the car I m mate nf 
soda is formed i— 

Fe,{SO^), + 3NaXOi, + 

Al,/SO,):, + 3Na.,CC),, + ^ ^ 3i 

It will be noted that the corrosive actions 
well water are a voit led by the use of carbon 
the encrusting effect, it will Iw swn that this 
by precipitating the suli>hate of calcium in thi 
calcium. In marine boilers, liint*. caustic sot 
employed, but carbonate of soda, which is . 
economical remedy, is neglecterl, and this is a 
Caustic Baryta.—C'austic baryta is also 
in the case of encnisto-corrosivc waters, sea 
water. 

It acts mot only on the eni'rnsLitifiii bill 
action. As regards the cncnistiitioiL we h.ivt 
effect, and we have seen tliat it tran^lbmiH il 
into sulphate of bariuitu which doi*s iwil atilie 
On these corrosive !>cHlies, it 
reaction with chloride of niagneHiiiiii at t 
magnesium is rapidly preci[iitiiteci : 

MgCl + ikCOilj, - Hail, r- ^ 

The chloride^ of barium thiis ribtriiric^tl |ii 
of calcium in its tiirru 

On the .sulphates of iron aiitl of .iliitiiitii 

proportions in deep wtll it teMtu %\ 

precipitation of the correspiiiitltiif, iiiiiAllw le 
acid .is saturated by the eaii^itiV baiyt.i .1 

barium 

jiiiiCiIlL jllaSO, 
It will thus be set!!! that the 1 li.n 

against scale and corrosive .icfioie It r. il 
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I I 

Alkaline Borates and Silicates. VVf have examined the influenc 

of H«‘V‘eral siills on rMirnHto-niM'roHivi* waters, 

By iwinij borax** tlial is tu say telra^-hrn'*ate of Hocliuin, N^uBo^C ) 
thesillHofioinancl of aluminium in thvp wc^ll waters are precip'itate 
even in the t:ol«l hath, am! tlie ealiie eompumuls arc also tliri>w 
down as iMirate *4''raleiuin c'aBo^O... 

The* acitls of flu* salts pnaripilatcd l^y tlu* borax an* saluratcd b 
the alkaline* iiH*tal, ami form corrcsjKindtny salts. As for tlu* sail 
of mii|ptc*siiim* borax ilttcs jjtit |irt*ei|iitatt* Ihrin in a ailti solutioi 
but umler the intlumi'r eif b«*at forms a while prcHa'pitale with ihei 
of noimal borate «ir <triho fiorate i»f ma|,mrsium BoC Ur 
fejrtunatedy Iteirax h a costh* rrmedy» alfhiitirth the precipitatr 
may 1 h* trr»ite«t for the rei. overy the tiorie ar/k!. 

Silieab* «d iiofassmm ipves yootl results with eneriiHtocorrosiv 
waters, Hir sails of raleinm are preeipilaleri !iy its action in Ih 
form of wlnle prlalinous boflies iieailiitilr in water, (aiOgSiiX^ h 
11 , 0 . 

llie salts of mafpiesinm are also preripit.iietl in the fiiriii of 
while grlatiiious produrt Mr:H|lSn sihcaite t»f siMliiim, 

llie sails of lom ami uf .iliimiiiiiiiti |pvr precipitates eif the c:oi 
respofitiini^ siht'alrs. The alkaline silieates* therefore, are |»ciOi 
reineilies in tlrahny with riierUHnoeorioHive waters. 

Water with Viig«itiib!ii iiicl Animal Oriiist.^' 

tlaritly was tlir icie tif “anlaer condensers adiiplis! on lioartl hIii: 
wlirii all the naval pnerrs aw*»ke to the fact Ifial far from ipviiig |}i 
results ilial hail rx|>rclrd *»f lliriii* rorrosintis tic*t:aiiir iinir 

fret|tirftt than l^iorr they %vrrr tiseil. Imjiiirirs were at ofice %t*t o: 
foot to drteiiiiine the reason tif iHrse corpisiiais. In the? tMiiler 
Uri%4sy tlrpiiHiis coiilaminit qiiaiiiity tif irciii. liiifl adlierlfi: 
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The fatty acids are led away by the st<‘afii v 
oil which is not completely deconi|K)Kt*rb 
attack the plates very rapidly. I'he parts of t 
plates are most under the influtaice of luMt anti 
agitated least arc especially attacked. 

The chief engineer of the b'rendi rtav)’, ( ) 
analyses of the products of corrosion have been : 
States arsenal at Hrooklyti. The}' sitow tlu* p 
copper and of zinc. 
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We may note as an instance the boilers of tf 
were stoked for the first time on 26tli April, 1H7 
2,880 hours of active service when a ministerial 
January, 1880, ordered them to be r€|>aired. Tlu 
found to be hardly more than 4 to 5 millimelrr 
in one of them was found a hole covensl nvvr wit 
According to the report of Dupont, tlw* efi|: 
grammes of matter composed of a mixture of c 
salt were taken out of the boiler. On CiHisultin; 
was found that the quantities of salt extrailc^ 
been : — 


The figures in the last line of course include the am 
out of the boiler during the rejiairs at I'uultni. 

All the deposits found in the different ji.irH i 
mixed and gave on analysis : 


Seaquioxide of iron 
Fatty bodioH , 
Sulphuric acid . 
Lime 

Potash and soda 
Carbonic acid . 
Water 

Oxide of zinc . 
Chlorine , 
Magnesia 
Oxide of copper 
Loss 
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UAllli I'"*' I'KINI V\nKK*, WU 111 T \l 1 1 WOKK h 

M \N'\ .U < I'HUI u«ilk'. .Hill hllMt ll WUt'k-i ll.lVl 

thdr "I'UXi It) til'- t i-ii!).!. * 1 , nl. 1 veil ihr tHiit]tr(.ilurc 111 thi 
watrr "t uniiMti.iin <•. .hh! nrvi*i5lir!«- >'. i i (ii-miriitly sH-i*, 

liHlrii. I'ltr ilvi i 111 -nil! .iKv.n u -r ( .i! thi- ■..iiitf t( ini»Tatiin' 
ill iii'iliM .liiv.n . Ill ttiiii-. niiiii i ihi^ ■ aun- > niiiiiliitif. 

l! fnt in-.l.ttii I', I ill H.iln ir.ril !i n it mki, .1'. ill vvillti'V 

th,. -.u.iji I. ili'Milv.i! lisliiiulU, ihi- ivMik i‘. iliifitiv!'. .tin 

thf liu-.fi! - li-i'.i- -t il iinun ii-i'l In ill'- ihi-i >•(< in*, tin 

|■ill•4lll' w.iii-i .hiiiiMl ill- iii.jiii- Inin a 41 ill. 

sin- It.usii, 111! ‘i.iivi 1- »'“■ Ifil. ill'- Hi. tv nil 

ami lilr-ni ..II Ilf 1"!< . -■•i- ‘ '-''U li I hr nm.inr, 1-. . .tnir.i (.11 t.l. 

On ihr ..thn har-l, tlir I Isn l.rinii t|-4-.! HI j.iiMtiHi; j..r4r 
art-'im.lr r.i-.-U HI hi.l w.tlrl I llr tv.itrl' i|-,r.i, in .tVcVrl 

..lioiil.l In* at 4 l<-ni).r«.t!tH< ,,i ir-. , I'h.tn »ii ( 

Si.litr 1 iu.illn-, .r r Mhril tlf tt.ilrr rin j»l. iVr. 

cinl.iHi-. .Ill In niiii;;.. idn!.-. 1..| m- 4 .in.r. i! r. Ir.iti* 

frilim'.l llll.i illMiUihir hlur hv . iM. i.it !< ni. .I’* ' In' ill 

ill . 

, n \ ( I , t » - ,M I! AO i I ! > 1 
t if .»■. .1 . ..!)■:! .tnti-.n.iS n.i iiits!.* 
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and a very bad one with another. Ncvertlu‘lt'ss, as a rule 

in dye-worksj as pure a water as possibit' .should ahva\"s bt^ ust’d. 
The colouring matters seem to be lhc‘ niorr soluble in water, a.s 
they are richer in oxygen. 

Indigotin, the formula of whicli is t irJ R btidy ptinr in 

oxygen, is completely insoluble in water. Ali/arin, a 

colouring matter richer in oxygen, is slightly solulde. lha/iliu, with 
the formula Cj^oH|„Ch, very rich in oxygen, is vtM\' Mi'aibh* in uater. 
However, we cannot insist U|)on this as a hard and la-a ttiu\ as tlu' 
solubility of colouring mattcTs is not always in diics i piMpcntnMi 
to their degree of oxidation ; for instanet*, il a eultiunn}* inatttM' as 
the result of oxidation is IraiNforined initj a sub*aanee anatn;nius U> 
a re.sinoid its solubility in water is (littninslu’fl. Thr n auro n| the 
water plays an important part in the solutinn of m! iinn|» iuatt{n%. 
and calcareous water.s have a .sjHs'ial effed on the iulnuung luattiu’. 

Aniline colours, such as magenta, the %Mluble blue turnhyl u^lcg, 
malachite green, anti .safraniius dissnlve badl\' in eahajcsiu , UiUrT*. 
A heavy, tar-like precipitate is formed, wlmh iead% !»» %hades 

and uneven dyeing. I'hese watiTs nia\' iHW’rrlhrh ^ . hr ir eil. riilica- 
after a preliminary softening, or by the .ulflifuaj ut .i♦etu in 

sufficient quantity to neutralise tlu* aiiifui nf the* limr. .«nd poqmr, 
tional to the hardness of the vvati'r. I1u* matiei -. m ■.-iuiuaj m the* 
water havea considerable iniliU'iier un the- i«#lu(niine inatna W hmi 
safraninc or magenta, for instant e. are nut de-suAfsl m pme uatm, 
the colouring matter ra[ntlly changers anti ltr.f'% tv. ■jirmph 

Dye-baths of these colouring maUm*. %h»»uld \^r pirp.urd nn 
mediately before u.se, and with pure waita In t\r ^ .r>r .u the 
soluble blues, solutions may he prepared \n ad^atur \%iih li.almg, 
water. A.s a general rukf, calt areous .Ifr '«a die 

preparation of solutions ofcolmiriiiK tn.iiu-i-.. 

I. The derivatives of tnphenyltiu-th.im- M.iprtiU lu.li.. 
chloride of rosaniline, 


Cl - C-CJl, SIL 

\(;ii, ~ mi; 

and acid mapnta, sodium salt of tlu- iriHiiipii.ini. .i. i-S <0 
(the shade given by this dyc-'^tulT is tiisirnlotiir.! hy alKah.- , hi,s th. 
colour returns after a passage through an a. id huh . x.mlhim-. 1.... 
aniline and diphenylamine blue, azuliiie. I h.Jinaiu.--. vu.jri. r.irin 
violet, benzyl violet, malachite green. \'h loria blur, mpht hhir .md 
auramine. 

2. The phtaleincs ; Caruldne. eosine, flii.irrHce,,,,-. ei. 
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3, I'lir sal'nuiinrs riirihi safranitu*, safrariinc aufl atiH‘th\'St. 

,j., Anmial ( f ih ♦unni;; uiallrr^ , C m< hnuMl atul kfritn^s 
5. \*c|.tt''tahl(* t nlntinu;: ataUrr', riits lu val« »rua, ^alls, kiu»p{H*rn, 
kin‘»» sitmat li an*! luarkli a. 

If fali'armiiN wain » a* a iiilr arc* lutsuitahit* U\ tlycauk 
teKtilr ynninik*. ^kr nihn iiatu! ulitai luy^utHul ta* vvi’ld is tlynl 
(»n a innnlani ‘*i ii.ai m ahiiuHiium, I lir pM'Mau r of tlu* salts t>i linu* 
is iiMlisjuaisalilr, I ss an In ihr nik% h*»uintM\ In 

t*xir:tt:ltn;.', tk*" («»li<utin|* inatlrr fiMin fhr tlyrucHHls Httu* in tlu' 
\vatt‘i is \riy nannful In «!vc”iis|; luikr*y ivi\ iir i orluiu%il starlet^ 
which ts t|nti«' in an a>i*l kails, iIumi |sr«-a*nir ilaltrnH ihn shadr 
prtKhu’rd and wasi*’** ikr » Mhanmi,* usalirt’ 

Hisfuasfk kiMan. an a.’n ninrk darkt-r shades in 

culcanssns u-atri's than ulu-n a si.fi u-alri is ir.rd, 

lanu’ in the wat*a' ss nt-d as Is. n mini sn tiiuidauiistn It weak^-ns 
the haliss hy ps«aa|islatin-; flir sails m| aluunnniHS and «ii snsn. It 
deerrasrs tn ncnsSi alis^- . !k<“ 4o4si\ iIh* liath. and liansi*Mnis the* 
[)it hn»niairs shIm nrulial »!u«tin4tr In niaddca' kalhs a 1 han^e in 
the shade |HMdss*ri kv lii*' lunr \fta' iiMts»ealur, flic* jiisn* ml 
iHnaiinr* a vimIfI 1 Is^- |a*-s^'ts^r td ihr Isnn' ratisrs o'hrr ln»sikles 
in madder dvenii^ lie' «.nU**sfa!e uf hme ju ilir nsilc'i \t{ v cMsil)* 
jirc' ijnlates tm llsr |S!f^?ds It .|#‘as !lar wink’s, and tws uliies a 

Crfitre f*t allra*leai f-a nialk'S this tisaikk* is mdieeahlr 

even ni llie pirln^nnati |sn . ^4 tls.iddca' du-my Idu’ If-m 

[Kn’dlnre is sniln nasi -a leas .nr'' wrllfsl muI In j<fe« i jatpitc* 

the i.irlsNsiiatr *4 Iniir. -alu. ti adiaa»'s lnnu>' !«« the fskte. 

If %\alrrs K^aitaiiuna » als ■:? s.dfs ,.ilr’ issrd su rlrafiny, linnldei 
shades with su.tp, f*a ihr sakr sd the- s.m|i »di«4sl*l not 1 h* 

di*'i*»nH«E’i| link! .il!« fie* js i safe's Ird sawfa t aiistie 

««>da, at'-iHils -r. h* ii v. 4 1 afk**n 4 t'' a siil|i!sa!e walcr, 

ddirsr dusiy-i air l.iak*.; nil ■ ll'se ia ..ilri, ls llirSi tedfrd* aiul 

deratilrd Ir'asi Ihr |»irs ‘s|ji!.ar lie* walri IS thru leatly In hr made 
ilitn II HU 4 |i lialli 

*rhr inllursn r fhr ;aie' ns tin* Walri Kafirs with the kind nf 
madder iisrd llirsr l^aans a kneis^' lake «4 nnehlrr willj the !unt% 
and this li^rd !h*- i.iea ‘!an|rd j I tus lake 44 iaa'dit}|.t k* 

Schluiiite-rerr is nne h l.-sd*! iliaii llir sinijilr aliillliinnili lake 

Atsarr iiiaddei. is a-- sd, "aillrr^. ayiar^'iahlr hns when 

Cilkarr^ nalrrs afi- n-r-\ and as a of fac'l earlHifiale uf 

ciilcmm iidilrsf Im ihr m s^rdn to ^sbi.nit fsisi shatir*^. !ii 

preparifig the hath, and « hoMsmi.: thr wafer, Ihr rif ihr 

miikfrr hii% ihrrrforr n,* lakm isilo .an. rninl 

Afs^igiirifi jniaddrr, on i}ir oihri liitfpk has 4fi nlkalhir miclion* 
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It contains calcareous salts and thcavfnre tlu' pivst’nrt' of lime in 
the water is harmful in (l 3 annj^ wiili it. 

Water containing no lime must iluTefure he UM'd, nv tlu* hath 
must be corrected for lime before the eolcMirinit luMlrv i. pm in. 

Rosensthiel has shown that (duMuirall)* pun- ah/.iriu in stihitinn 
in distilled water does not complt‘(i‘ly saluiMte the im.td.tfits of in»n 
and aluminium, and that to obtain this vUmatiMU a lilth- i.nhunale 
of calcium must he addet! to the hath. On the mlu-i hand, wlwn u 
calcareous water is used, the earhoiiie arid is luM'd. uthonaii’ «,l 
calcium is preci])itated 1)\' the heal, and the hath take* a 
colour as the result nf the fonnatiou tij a mntpnimd of Inne and 
alizarin, If the l)<ith is l)roii‘;hl lt> the boil, the Inne lakf^ depioits 
in the form of a violet powder, atid tiu* hath i** ilioran .an of u.n’k. 

On hubblin^^ carbonic acii! through it. the lake dr< .oKr and 
the bath may aj^ain he used. W'e may miHlndr trom tin . that [a 
fix as completely as po.ssiltle pure alizarin nn a nuadaui o! nun nr 
aluminium, it is necessary to adtl linu* iu the hath !n Un * uay a 
•colour is fixed on the fibre which is a ternaiv' eojupMund .>1 the 
dye-stuff and tlu* oxides oj lime ami o| n»in »u alumnninn I lu' 
fullest shade is produced willi a imen i|uant!!\ ut d\e .run wlrm 
there is an eciuivalenl of cohmrinit matlei and *4 t.nhouair ni 
calcium in the bath. 

Although alizarin, which when aitifimally pi-paird j , denved 
from antliracene, cannot he d\‘ed fnan a bath of di Udlrd uater. 
purpurin, also derivt'd from anthraccmt\ yot* . uell on to motdanted 
cloth from a liath of pure water. Nt*srrihelr'* . lu /ri lU*- hi* i \ irfd 
from the hatli, carbonate of calcium must be adihd m 
proportif)!! as in alizarin dyein^^ Ah/arin and pnipinm air the 
most important colouring matters in dyeiny^ Madd^s tlner 

colouring matters, alizarin, puipnrm and psemlu piuptmo, and m 
dyeing with artificial alizarin as in d}riir/^ uiili inaddn ihr liaili 
should not contain lime, but the proper |»iiipoihMii . .u it-mair uf 
lime should be added to it. 

Acetate of lime has been propusi'd b\ k«ra*nsllMel .r an .sd\ait 
tageous substitute for carbonate o( calcium m ahzaini and pni|aum 
dyeing. In madder dyeing, the analysis uf ihr inad»!ri littru in- 
co-ordinated with that ol the water in order to obiani Ihr itia\aiiiiiii 
tinctorial yield, 

When calcareous waters are used, wooK arc- nnpeslr»il) iic-rti 
from grease and suint, an inscduble soap foriir^* with ihr iaii> matter 
in the wool and the metals of the alkaline rarthn. and ilie. i * fixed 
•on the fibres. 

As a result of this the dyediquor \s irregularly atiH.abrd, fhe 
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stuff i‘' urk*vcnly iliril .uut NpuHnl lu placrs. am! tnmh e>f llu' tlyc- 
stuff in tlu* buili i * ua .iril 

In wMHhin}: uiiMlIm alls'i «h rinR, tl t ah arrtnis walnrs an* 

used tiu*v take a didt 4ia*h* «a a ‘.Um h is nni natur.il, al the 

same time ueakeiuiii: flu* 

Sc’veral flv^a > li ne .nil u . uiiph" . »4 w.itf’r w ith u hi<'h it has 
liei'tJ imjH»- ali!* 1 » d\r Him 1 Muiatu* »1 s?. f.ni^e a p;i»|)nrliun (4 
sah*^ (if the alkalnir r.iislt dial a d^e lialh inadi* with thf*m pre^ 
ci|Mlaled lake‘» mI lit*’ ^ MlMiusira^ lu itfn 1 hi^ tan he a\(»idiH{ hv‘ 
the ualri hi'kac leany. «*! In iiru!iali‘aiii,‘ the a«li«innf 
the Nail u ilh an a* i> ? 

In « !»ali lihMi hne.^. thr naHsir mS |hr ualn Used e» nf yreat 

itn|ini1aii* e, and Im Mfaan^ e-i >>1 and j. :;alai n-'aills |hr vuirks inU'4 
I.H’ NUji|4t«*d uilfi fan* I ahan-sui'* nalrisatr |iaiUeiilarl)' 

Itarnihll, as ihr * *an|t^ aaaei . In the \.irs«aiN l\r . and ihe 

gUtUIH^' mallet, air dj!|}» nil !»-» and adlirtr iniiily l«* the 

fibre AharMl’rn * a!> an-, ai . \% % r= \rt\ "aa'-lrilll m| s«8a|i. 

(fi l»|ra* !un|^ 8.a!»»n ,;>***;■• h’, I Jn8'e4 « hha nic* « 4 hnse |it<n"es%, 

wales * MiilatsiniL^ .lA a n' a - a * .ih .y rMiis salts taiuml 

Ik* U'-ied Ni| 8 h a a > »! i • aii -a' tUA\ hr «.iiire!rd hv as*rrlaiimiy 
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carefully, and as" soon as the j^ollovv s[)f)ts tli.sappcar the floods must 
be passed through a bath of clean watc-r, so as to slop tiu- action of 
the oxalic acid, which would we.akeii ihc fibres il proloiip.cd un- 
necessarily. 

The formation ()f the ferric: hydrates must In* prrvtuitcai In* 
using water free from .sails of iron, or iho Ic'rrie hydr.iU' must In* 
eliminated from the goods by the pmc'ess which wt' Itavs' dt*seribt*(l, 
as it not only spots the goods but actually makes Indies in them. 

Ferric oxide burns the organic matters and litis explaiiU'. many 
faults in dyeing and printing. 'Hu* destructivi* tUlcaa is cMtist^d b\‘ 
the ferric oxide parting with its o.xj^gen. d'he oxide e»{ inm haiiusl 
by this reduction is then rc^ady to lake: hack »»xyp,t*tt Irnm ll\t' aii 
and to commence its work of (h.:striK:tion» I Hill and dal shades ata* 
produced when the dye-bath is made up witli wixlcv ctaitaiiiing imm 
and this is most noticeable in cl}a‘ing on .i nu>rdanl. 

In d3^c-hoiisc.s and bleach-wurks troubU‘s olten arise and gHtjds 
are .spotted when condenser water is uscal from the waste stratn. 

When certain anti-.scale compounds are ustsl in tt\i' ht>iler. 
the water often contains these prodiuMs which an' carriei! tiff b\ 
the steam, either as they were' introdiurd intt» tin* bi>tlm t»r de 
composed. Conscientious mannfacliners of anti si ale s|nn ia!ities 
modify their composition when they art* iiiltinnet! that llwy are i»» 
be employed in the boilers of <l}*e hiaisi*s t»r bltsudi wiales and that 
the condenser water is to be nsml in tht* hatlts. It this mtl done, 
all sorts of faults occur in the prot'csses, anti tlu*y an' tliliicnll to 
remedy, as the composition of tlu'st* prt*patalititH is k«'pt a . sen ret 
cus possible by the manufacturers wht> makt' them a sptnaaliiy. 


CIlAP'riCR VI. 


VVATKK IN 'nil* Tl-XTIIJC INDUSTKIKS AND IN CON DITIONINCr. 

Raw u'<kj 1 as it taaiu’s (Votn tlu! slu'cip’s back contains a fatty matter 
secreted by the animal known as siiint. This fat, which adheres 
strouf^ly lo the fibre, can only l)e eliminaUul by a s[)ecial treatment 
which is the [ireliminar}' process in tlic linen industry, 

Di’suintin^t and de^p'casini:;' wool need lar^^e tiuanlities of water, 
an<l the composition of this has a tamsiderable influence on the 
HUCccNs of tin* opmiition, and is (:a])able even of chan^^in^^ the 
nature tif the {ibrt\ I'he tjualily of the water used in this first 
operalif)n is cjfttm the cause of failurt' in the suhsetjuent jiroccsscs 
which tlu^ wool under^ot^s. Huei wlusi wool is washed with a hard 
wattu’ the pcn niealnlity of the fibn* is diminished, and this interferes 
with thc^ regular fixaiion cjf thr mordants and cohairini^ matters, 
and consecpienlly an uneven shack' is produced in the dye-bath. 
When the watc'r is muddy, the' earthy matter adheres to the fibre, 
and is clifiicult to rid of. * 

, Suint is compost'd «4\-arhonatt', chloride and acetate of potas 
sium, all solnlilr sails, ami of a fatty matter. In adilition to these 
substances, Munt' wotfis also contain earthy matters. Merino wools 
lose as much as 70 per t rut. tif their wei^^ht in tlc^reasinK, It miijht 
bethought that tlu* foreign matters in the wool ccaild bt* completch' 
eliminated by a simple washing in warm water, in view of the com- 
{Kisition tef ilte suinl and its sc^ipy (iroperty. I'liiB is not so, however, 
as washing in water alone always leaves a little of the fatty matter 
iK'himl. 

The fiesuinting may be doite with ordinary water. 

It must be noted that the water must never be brought near 
the fwiling^pfunt. There is a danger of damaging the fibre if the 
tem{>erature exceeds fio" i\ It Itas been note<l in practice that the 
desuinting ofwtHd is done more easily in short baths. In this way, 
that is to say with a minimum of water, the suint acts like a soap, 
the fat airnbining with the alkaline matter, and in consequence ail 
the grease and other matters adhering to the fibre are washed oft 
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The more the wool loses in (U’SuinlinF*, the hrttn ♦fualitv it i . 
Coarse wools lose much less than fiiu', ahouf if# |if‘r ♦ fot. nf tluni 
total weic^ht instead of 45 ])vy cent. 

In clcgrcasinj^^ wool, that is to say in e,rttiny, lid “t fh# Lea trait*-, 
of fatty matter, the nature ofllu' water is nf jir-a unp alam o. 

This process is usually earrit'il out with (he *.ah * oi p.a.e.le ano 
if the water used contains salts of lime* there is a rpe.n ua*ae mI - ii.ip 
Soa[) to be^dn with is neutralised by the salts nl lime. u.ear-, n . 
action on them until it has converttsi theuholr ioIm .uj nj .«dnhle 
soap. The calcareous insoluble soap thie. foniusl 1*, dr|ii.«Mf* t| 
the fibre and adhert‘S to it. Tutler ihe^t^ eoud!t!»»n ♦ .tnuia 
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Ijc. t(>in[ilctc!ly (rccil fnuii yreast*. .mil iimiltic m r . ^ n!. . 

proaiss tlimuj^h u-Iiuii it 

lo i-finwiy liiis 1 111' w, Iter mu-.i In- l., .,,,. 

iulditioii (if an iilkuli, sdilii nr I'l.i.c.li i\ In !!, ! ...j i 

us altlioiii^di both alkalis attack vvnnl. jiutash iIim--, t ir . r*,;, u- 

than soda, (.alcarcons waters arc ,iiso ii.irmtnt m ih. j.n inom i!! 
truatment of cotton, silk, linen and licmi. 

I ho studies of ^^l•nly have slitiun iis licit !|,<- ni.!,-., .i,„i , , 

of toxtik's arc united hy a sort of ve.-et,,b!r , . tnem, . 
vasoulose, cutose, |icctnse and its clerii.itne-., ]«•. tm, , j. u.i , ;i,„ 
mc;ta-i>cctine, ineta-pectic arid, para-pectii acid .m.l p.-. ji, j.i 
Hemp or Hax is retted in order In fiee ih,- i,.„„ 
coveruiir. and to prepare it for spinnin^j. Water ,s n.cd 
purpose and in some cases an alkali is aild.-d to a, 1 „ srtj,,,.- Un 
»lv,„t actitm „r the w.t»r „„ .V 
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pt'ctfjsr, which mslitutrs llu‘ major part of the vegetable cement, 
int<j pc'ctiiK', a l)(ul\' wliich is soluble in water. 

I his transrormalion ju'ocluci's i)ectase under the influence of a 
s[Kx-ial rerinent found in (lie vt‘kc*tahle matter. Retting’ therefore 
shoiihi 1)0 carritnl out under llu^ most favourable circumstances for 
ihv up of fermentation. rtx’tine is also transformed into 

other btitlies solubU' in water, the nu*ta-<] noetic acids. 

I hrc*e fil’d inary nu’thods arc* ust*d in rettinj^ hein[) and flax 

1, kc'ttinp in running water, 

2. kc*(rii4; in sta^piant water. 

3 t irass rt'lUni^p 

1*0 th<‘S(* may in* af!dt*d a mixcnl [irocess, in whitdi the plant is 
treatc*d both on thi* and in \vatt*r. ()tht*r methods of Ireatinf*' 

hemp ami Ilax mikht he citcvl which aim at the improvement or 
tin* suppre’^siou ol the re'tUie„f prot:ess, 

W'e have to « oiisirh*r heft*, however, the* method of reltiuk* in 
nmnnie, 01 sta-piant \vaU*r. In relliny as a rule a too calc.art*ous 
ivatc*) i* .uoidriL \r\erlhek"NS in rt'ltink in ninnh^f* water it is 
jneleraliie di.it the water should enulaiu a little lime when fine 
hbif*w aie unde) treatment. Ha' liiuc* *Hlae|<(ms llu* c*ner|.,n* of tlie 
prilu lermrnlali’ «n. and i onM'i|Ui*irtI}’ llu're is less danger of damaj4t* 
to the iibir. I’oi the .aiiu* rra*‘on the wa!c*r shoukl In* cold. 

\\ lien j uimtne. water is muployrd, the enrrc'tU nUl.St not he very 
tasl.oi ilje libit' , u ill be liestitn ef I, daniaytvl, or earric*d away. *ri)e 
water ot the tws 1. lemnvned as vt*iy suit able for N\‘ver- 

thelrss if ifs ijanposiiiou is exainim**! it will In* foiuicl that it is 


4 hn«»s| n«auial 

The I water isiilaiiis p«a' litn* : 

I ttrrn, 
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c.iiiinmrMi 
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Afcordiij- iji c harpentiei, the* imuly appreciaU*tl valia* of the* 
Lvh waiei Un rs*l!mi: tiepeiids Upon the extent to whicit it is used 
for this purpose. 

1lie tuusiaiil am! alnimlant supply of the plant keeps the 
w’airr in a «.:om4ani!y favourable state for the sctlini:^ up of ferinenta“ 
tioii am! faeililales the operation. 

C harjK*iilfer% views on the matter arc corroborated by the fact 
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that retting in fresh water gives a less satisfactory result than in 
water that has already been used. 

Retting in stagnant water is done in and the flax retnains 
in the water for twelve days or so, according to the* Icrnpernturr anci 
the quality of the water. The practice of retting in stagnant water 
requires greater attention than in running water, in\ accaumt of the 
large quantity of gummy matters dis.solvetl, vvhitdi nnnainitig in the 
water interfere with the processes of solution, ant! conKc«(Urntly with 
the steady progress of the operations. The fennentiui* action ami 
the production of the pccta.se ferment must be aided, and ther«*ft»re 
the water in the pits is renewed as fretiuently as ficHsifde, 











Kf(}, fa, - HtJttiag pitn tiir flaii, 

The results of the following analysis itiay Ik* laknt 
ang the average composition of the water after the retting operalhiii. 

Carbon iss % 

Hydrogen . . , . I 

Oxygen 

Nitrogen . . , *>-51 

Ash . . . , , , , , . . , , , 


The analysis of the ash according to Kane gives on the average 

Potash . ..... 

. . . . . . 

‘Soda. 

. . . . . , 

Lime 



»»*»«. y ’ y-Kj 

MagneBia 

Alumina 

tr€i^ 

Silica 

* * » • * > Jl'H 

Phosphoric acid .... 


Chlorine . ^ . • , » 

•••»»> 4 ’ 4 l 

•Oarbonic acid , . . , , 

* * * « » > 

^Sulphuric acid 

* * . . » . jllf 
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I''c!rni^n'n()us vv.itcr i.s not .suitable for retting. It procliicc.s a 
brown coloration on the fibre, which is difficult to remove. 

ICIder leavt's are thrown into the retting pits in order to neutralise 
the action of the iron in the water. The fibre obtained from flax 
by retting in water represents about five-sixths of the weight of 
the treated stem. After retting the stem i.s dried and then 
stripped. 

Just as in the case of stagnant water, the residuary waters from 
retting in a current contain nitrogenous organic in attcr.s, which con- 
stitute a veritalile .source of infection. A danger to the public health 
ari.ses if the.se watcTs arc run off into a stream. The residuary 
water contains valuable fertilisers, and the farmers can u.se them 
profitably. When the retting i.s done in [fits it i.s easily applicable 
for this purpose. 

Silk is com|)osed of fihroine or inire fibre and a gummy matter 
which must lie completely got rid of before the silk is dyed. The 
calcareous waters are unsuitable in reeling the silk from the cocoon, 
as llu- salts of lime precipitate, adhere closely to the fibre, and com- 
pletely spoil the subseijuent processes. 

Hefore scouring or ungumming raw silk, that is to say the first 
boiling of tlie silk to eliminate the bulk of the gummy matter it 
Contains before it is sent to the dyer, if calcareous waters have been 
used the silli must be carefully washed or faults will occur in the 
subse<|ueut processes. Experience shows that a raw silk which on 
analysis gives more than 10 per cent, of ash is in the worst possible 
ctindition fur the scouring and .Hubse(]uent operation.s. 

In fact on boiling off such a silk, which is done by treating it in 
a hot soap bath, the silk takes a {lull shade tti begin with, and then 
insolulile lime {(imptnmds form by the action of the .soluble soa[) 
on the salts in the water u.sed for reeling, which are now fixed on 
the silk fibre, 'riiese lime soa|)s deposit on the stuff and even 
penetrate the fibre. As a consetpience the lustre of the silk i.s .spoilt, 
and umtvcn shade-s are produced in dyeing. 

When therefore the raw silk has Ijcen reeled through calcareous 
water, the silk must be washed in a water slightly .soured with 
hytlrochloric acid. This hath dissolves all the salts which adhere 
to the fibre, anti is folknvetl by a passage through a weakly alkaline 
bath to neutralise the acidity. 

The o|xfration is finished by washing the silk in pure water, 
which eliminates all the salts, which have thus been made .soluble, 
and the washing is continued until the wash waters are entirely 
neutral, the test l>eing made as usual with litmus paper. In this 
way mishap.s in the subsetjuent ofierations are avoided. 
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Nevertheless it is preferable, whether tlie fibre trcMted is silk, 
woollen or cotton, to commence by softening' the water. 

In the textile industric.s the water is freeiiienlly treatetl very 
simply with carbonate of .soda in special tanks, where it is alkiwed 
to settle, to separate it from the deposited matter. 

In the official establi.shmcnts Ictiovvii ns conditioning houses, 
lime in the water may cau.se serious tnisculculations in the residts 
obtained by analyses. The conditioning of textiles, pure and simple, 
is the determination of their hygroinetrie condition, in onler to .iscer- 
tain what amount of water has been ntltled tc» them artiliciallv, hut 
the public conditioning hou.ses frequently make eotnplele iiii.tlyses 
of the fibre. When silk Ls boiled oflT in the ctinditioning house, to 
ascertain to what extent it has been weighUsl, the* nature tif die 
water lused has a great influence on the results obtained b.v the 
operation, which consists in two .succe.ssive boilings of luilf .ui hour 
each in a soap bath. In testing the .same silk in diTferent miidition- 
ing houses, the figures found show very variable restilis. ami this i*. 
the consequence of the different character of the waters useii. 

Thus, silk boiled off in distilled water at I.yoiis shows a loss of 
2 per cent, more than the same silk Imiled olT in Rhone watei. 
which marks hardly more than 17 hyrlrotimetric degrees. In 
ing off silks therefore, pure water should always Ik- used. In tlie 
.same way, in quantifying any artificial atliiitions to w«k»1, puie water 
must be u.sed, otherwise the weight of tlie wikiI is often greater after 
than before wtushing. 

Very pure water is necdetl in washing wools, tlu* more so that 
the difference between the weight before and after wasbin^j is often 
very slight, .so that impurities in the water easily lead to mistakes. 

In conditioning liou.se.s, anti in all lalKiratories where simd.ir 
tests are made, distilled water or softened water must alwa>s hr 
used, and when the latter is employed its hydrotimetric degsei- 
must not exceed 3 to 3", 

In such establi.shments there should lie n large enough jihint to 
provide a constant supply of distilled water in abumlam’i-. and this 
should be used in preference to softened water. 


CHAPTER VIl. 

WATKU IN SOAI’-WOKKS. 

WatKUs which runtain Mm lari^e a tiuaiUity of the salts of calcium 
cjf ol ina|.*ncsiuin It^iul lu a waste* c>f the alkaline lyes used in soap- 
weeks, hut when such waters alone are obtainable they can be 
eorH*i*lefh Stnla or jaUash lye reacts cai the calcium salts, precipi- 
tatinit them iu the I'orin of carbonate of calcium, an insoluble body 
which is harmiu! in tlu* subset|uent processes of soap-making. 

In «inlt*r to avead iuidrptjratitig a certain ([uantity of carbonate 
of cah'iuin in the soap, and in consetjuence akling the fonnation of 
insoluble noaps of the medals uf the alkaline earths, the salts of 
cutlcitun and «if magnesium shcmld tie precipitated and separated 
out of the water to lH*gtu with. 

h'rom th(^ point of view of economy, it is best to use a water 
containing the least iKi-.sihIr amount of salts of lime or magnesia 
in Holuliort. 

When the water contains ii heavy proportion of chlorides and 
t»f soluhir '^iiilplniles, the first ojxratian of soap-making is badly 
crarried out, first {iriicess consists in iKiiling Uk! oil or fat with 

a weak taiedic lye, and the yield and tjuality of the soap depend 
Ufion it. 

Siicli watrr‘s however, may Ik* used in making the brine which 
serves to salt otii the soap, a process wdiich dejxmds upon the 
tnsohthility of stap in solutions of sea salt and in concentrated 
sulutiofis of caieaic nocla and {Kitash* 

riie Hcwla or p«Jtash lyes mu*^t not l>e prepared with water 
chargeil with salt, stilphate of sodium, sulphate of potassium 
ancl sii!|diatc of magneshim, as such waters introduce compounds 
intci the water vvfhcli art* Hotirces of trouble in the subsequent 
o|jerations., If a pure whaler is not available, condenser water should 
im umL 

If the whaler supply of the s«ia|>-works contains matters in sus- 
liensitiri, fuirh m iracen of organic and earthy matters, a simple 
fdiratiem through mweral succeisive layers of gravel and sand, tlie 

(tjl) 
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layers diminishing in thickness from top ia hottr)ni of tho filtrr, will 
be sufficient In this manner, a clear water tiuite suitahU* fur snap 
making is obtained. 

In a later chapter of this work we shall give a ch'sc ription 
several types of apparatus giving an abundant supply whitli can \h* 
used advantageously in soap-making. 


CMIAITKR VIII. 

VVATKK \K I.AUNDKIHS ANM) WASHHOUSK S. 

Tuk Luuuirv’ industiy, which has developed very considerably of 
latc% is mictvsivil in thr luijtu'st possible dei^ree in the (luestion of 
maw Htipplv. On arrival at the launtlrj' the ^onch are first soaked 
in til tier In remove spots c^f all descriptions, and in this operation 

wattT i*» an ah%tiUUe necessity. 

riie sanit^ may la* saitl cif the actual washin^^ operations. Hard 
water is wasttdii! aiul harmful, 

U htiwever the tinly stiurci* i»f water smiply of the laundry is a 
sulphatt* tir t arbonate water, it must bt* softened before use. Other- 
wise there will la* an exiravaiptnt waste of soap resulting from the 
ftirmatinii of insnhiHIr sn.ips of lime or magnesia at the expense of 
lire st»ap in the wa^liiny mat hine. 

riii^i is a highly impirtant consideration, for the loss in .soap 
thrniigh this cause may tsisily exceed that which is doing useful 
wmh «»ii the c Indies, || ha^ Inien sait! that the civilisiition of a 
iialinn may Ik’' g4U|»eit l>y the* amount tif soap it uses, but if an 
igimraiil rate mir«l liard water in the laumlry the maxim would not 
Ik* true "Hie hydrnlimetric degree of the water gives a simple in- 
dication «»f the ffuantity «if soap necessary to neutralise the salt it 
t'ontaiie^. 

Mach hydrntiiiielrit' degree a^rresjHHHls to a loss of one-tenth 
grammr |«.n- liirr id ^nap, lines the water of the artesian well at 
(irenrlle mjyirr-'^ II liedgrammes of soap |H*r litre Ix'fore it conn 
mence'i to lather, bmig the point at which the soap commences 
lii act on the linen. 

The folhnvmg table shows the loss of soap f)er cubic metre of 


W’ater ufio gallon hi ' - 

Klto«. 

Iloiillr*! o 

Hmnv . 

Umn . 0*3511 

Tlir Atlsrf ^ . 0*35*^ 

tiw irwaaifisc M 

I'lif: C'lafwiwi? , . , . , , , 4 . . c;r5tK) 

Till? 41 e’55« 

tijj) 
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The Loire at Nantea . 




, 


Kiltvii. 

The Grenelle well . . • 







Artesian well at Passy 






r itH* 

The Soude . . . • » 
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The Somme-Soude 







The Somme Junction with the Marne 






The Rhone 
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The Sa6ne . . . . » 







The Yonne 
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The Seine at the Ivry Bridge 






r ^« «« < 

The Vanne 






I’HisnH tH M 

The Seine at Chaillot . 






..3* irwi 

The Marne at ChEirenton . 
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The Oise at Pontoise . 






r 

The Dhuia at its source 







The Eacaut at Valenciennes 







The Ourcq Canal 






(tn^il 

Arcuell water , , . . 






Ji 

Prfis St, Gervais water 







Belleville water .... 






1 

These last waters are so 

bad 

that 

they 

turnuit 

UHtnl fnr 


industrial purposes, anti are hardly fit for anythiiii' but watrrtn[» the 
streets, Waters markinji IS to iK hyilrotinietric am snitahlc 

for laundry pur[)osc.s, higher than i2 ' they shoithi not be employrti. 

Carbonate waters should be correcUnl by the .iddilum ot e.tr 
bonate of soda in the c|uantity considered as tiorin.d to wash well, 
The salts of soda used in the laundry will vary in quantity at eurd 
ing to the nature of the water. 

In practice, the le.ssive where Seine water is ua-<| is made with 
1 8 to 20 kilogrammes of 75" stMla |»er llnaisaml kilogrammes of 
goods to be washed, 

With Vanne water nearly 28 kilogrammes of 75" s««Ia an- used 
for the same quantity of goods. 

Generally .speaking, a calciireou.s water can Ik- -aifieiied bj* thi- 
addition of a soda .salt. The increase of the hyilroti metric degree 
of the water leads to a higher e.^peime in the stKla, ■•nap aiji! eati 
de Javelle used in the laundry. 

Some soft waters, as for irustance tho.se of the artesian wells at 
Grenelle and Passy, effect a very considerable economy in the pro 
ducts used in the laundry. Rain water is the most eemiotuHal of 
all sources of supply. 

It is well to remark, however, that hartl water can Iw used m 
rinsing and blueing the good.s. 

Where an unsuitable water is used in the laundry, the gmals will 
often be .spotted with mineral or organic colouring matters in solution 
in the water in spite of the blueing. 
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WATJ’R IX TANNIXtK 

1*AX \KUV work nr« thr tnnpltsyiiunit of a lu)|je tiuaiitity of 

\vatn\ hiilh ill proiro^H aiu! in tlu? tan-[)it 

I hv Halo* in sHlniinn in the wator have a corisiclunihlc influence 
tin tin* rrsuIlH nhf.uiir'ii Hi"fnie tran‘4forrnin|^^ the hides into leather, 
that i** to nay an inipuln^Heihle and supple product insoluble in 
water, and tnade vtTv resistant l^y the latuiing process, the hides 

nrv unhairrd 

Tlu* unhainnp, the suit skins rnnsisls in loosenin|^ the bulbous 
frwUs Ml thr hairs hr sapunilyinit the matter secreted by 

tlu^ sftiall Irair idands. This is dune with such an agent as 
«jiii«khine, and the water tisrsl has a considerable effect on the 
upeiatiun, 

If the water « uniains a kirgr propurtiun of (“arhonate t)f calcium, 
thee\« rHHu| «arlH*iiie a^d pitaUicrs a [.rrecipitate of carbonate of 
rah iiiio. and tlir* drpu^als in lhe dermic tissut*, 

Mie. mterirteH with lhe alKor|itiun of the tannin in the 

rells uf the hulr, and iriarils the tanning princess. The earlxmate 
«d' hiiie ah'^M ihr # aii^r of brown HlaiiH on the leather. 

In ihr fan pifH flir raibuiiare of lime is iranshmned into tunnate 
of limr whu. h rapidly in the air, and according to Buchner 

furiiiH %«u’uot!jrc powliui-* o| lateoKylic and tan^’ormdanic acids, 
eivHii.! a irddiTi ltr«r.%iii * oloralion lo leather which decreases its 
fiuirkrt va!ur‘, 

HiiH loailur .iIho orriiiH w'hrn the water is chargal with carbon^ 
air of inagnrHon laiiiiale «»f magnesia gives staiondary proilucts in 
the %V 4 >* After f!rs}iiii|,g ihr lamier diouhl free the hide from 

li if Irit irannhu’ined into tlie carbonate, hor 

this riMHiin, ailrni|iis tnivr iM^en fiia«ie lo replace c|uicklinu? by other 

itgeiiiH 

Tn frrr thr water iisri! ill ivtirkiUg the hides from the carlKHiates 
ihi lifsir and rif magnesia in solution in it, lime is added to it in a 
?4jM?riiil tank* 
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Instead of thus precipitating? the salts cd lime nr inaipif’si.u 
Villon proposes to correct the water directlv* vv'ith aeicls. 

In the presence of an excess of aciflj the carbtniatt* «»l litnr and 
the carbonate of mcignesia are transforn\etl into suluUlc cdiloridrs. 
In this way good results are ol)taine(l, anti tlu' leatlun* is ma ttmu.iKeii 
in any way. 

Tlie proportion of acid used is 20 grattimes of liydni« hlMru at itl 
at 20” B. per cubic metre of water for each hydn»timrtrir 

Nitric acid may be used insttnid, iit the proportitm of 
of nitric acid of 3L" R, or acetic acid which is etjually yynnl, ant! 
can be employed in the prt)i)ortion nr25 |.»raunru^s of «i \l #n id pci 
cubic metre of water and per hjalrotimclrit^ degree. Ue CMieadf-i, 
however, that hydrochloric acid is the best agent tise Itcaii c\eiA 
point of view. 

Water charged with sulphates, such as sulphate of iakinm 
and sulphate of magnesium, is far from being harmful m laiinmg 
operations. As a matter of fact if the tanner^N ualc'r not 

contain sulphates he adds sul[)hate of talcium *md Milphatr 
magnesium to the water, using an excess of tlu^ latter diu|p 

As for carbonate waters, tliey very easily dc*|Misit un the hide*, 
their carbonate of calcium and of inaguesiunu 

These two bodies arc harmful in tunuinig aiui titer* turr m 
working thick hides in running water the taitner rndravuin > to 
secure a water containing plenty of carbonic luid, mnl be can d^* 
this by forming an artificial waterfall, and thus arraling the 

In the actual tanning operation, waters comaining the i arboiialr . 
of lime and magnesia are all the mt^re trouble^iome if the unhainiiy 
has been clone with lime* Thin remains in the crrviim i4 ifi«^ 
dermic tissue, in spite of all attempts to free the lode liom il. .md 
it facilitates as we have seen the [mecipitatiori of the carRaiair «4 
lime and of magnesia, which add to the tpumtity of limr compuiimh. 
already in the tan-pit. 

Waters containing grease or salts of iron ciimuit !«? mml m ihr 
tannery. 

In contact with the air, the fernms salts in sf»lution arc ijiiii kly 
transformed into ferric salts, which combine with the lanniti iiid 
give the hides a black coloration of tiinnatc of iron* 

These waters may be corrected for tannery piirptrii-^ hy 4 
preliminary treatment with alum, chloride of harmm. of 

soda, or oxalic acid. 

The average proportion of these bm\im added |kt ciiliic: iiieirr 
of water and per hydrotimetric degree are ao griyiitnrs «if 
16 grammes of chloride of barium, or 10 grammes of siikiilc «f 


WATKH hN 'fANNINti. 


^37 

sdtliuiu. Tlu* wati^r in t(jrrrrtc*il with oiu; of these reagents in a 
sjKH ial tank and .illnwf’d to settle before it is used. 

As for the jMejporlion of salts to itUnKluce in the water, it is 
(H*Ht to make the t .dt Illation aet ra’ding to the hydrotiinetric degree 
tif tlie watt-r. atid Wf’ shall show how this is clone in a later chapter. 

If it IS ahsohUoh' uett’snary to use waters charged with iron 
salts, the tanner loiinnomrs hy aerating tlie water as much as 
possihU’ in «*idrr to tiansfonn the ferrous into ferric salts. A small 
ejuantitv t»f »oda or pota»»h is added in a special tank. 

The MKtdr of non i*. |ncn;ipilatetk the water is allowed to .settle, 
anci dtsanfed, and tluis freed from the iron primitively in solution 
ni it. it * an i»r te^rd witlioiit inemivenit*m:e. 

In a Litei «ha|aer, lotudiing on brewery waters, wesltall describe 
lire means mI rliinnialme, imn in water, ami these processes concern 
the lanofn- als«r 


CHAPTKR X. 

WATER IN PRKPARINC) TANNIN AND DVl- WdtlD KXTKAlTS, 

The manufacture of extracts has (U'vt'injnnl ftiiuiiuuHlv" i»l late 
years, as their use has been fouiitl so ativaiitJD'fous in tannini;, 
dyeing and in the composition of colours fi.r printing on lutton, 
woollen and silk. 

These extracts allow the dyer or printer to work with les-i Inilk, 
and they contain the active [irinciples of tanniti mattet'H or dye- 
woods. In preparing them, the wood to iH'gin with i** •.hretldnl into 
a very finely divided state, in order to enable the water to penetrate 
the fibre better and di.ssolve the tannin and the foionrinj; matter** 

The quality of the e.Ntracts often de|)eml*> upon the salts * on- 
tained in the water used, and it may he said that the leput.ition uf 
•certain makers is due to the fact that they have taken into eoti’. 
sideration the influence of the salts in the water on the at live 
principles of the extracts, Dyers anti cidieti-prinlers extraet the 
astringent matters they u.se, such ns tlivi-tlivi, gall**, simnu h, rte . 
in a cold bath. 

As in the ca.se of thickenings used by textile jirintcrn it 
difficult to keep these extracts as they are ferinent.ihle. and their 
keeping qualities are all the poorer if the water iiHcti in inaking 
them contains germs, or tlecoinpostx! mutter. The priuTiee «if 
making extracts varies in dilTerent print-works. 

The water is used either under pressure nr healed to lielwern 
■6o and 70° C, or even almo.st cold, as in the dilTusion pr«K ess. 

Carbonate waters are altogether unsuitable in extraeting the 
majority of the colouring inatter-s. 

In the cold process of extracting lantiin principles for use in 
making leather, it is nece.s.sary not only to use enormous quaiitities 
•of water, but also to have gigantic apparatuws, and the extract 
resulting from the operation is often twi jxKir to lx; Hcrviceahie. 

On the other hand, the tannin matter obtained with steam or 
boiling water contains in addition to the active tannin principles 
resinoid matters and products of decomjxwition which are harmful 
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in tanning. The concentration of the tannic juice by evaporation 
of lari^e inassos of water leads to the precipitation of the salts 
{)riinitivcly in solution in the water, and these are harmful in the 
tan-pits. 

Outside the i)recipitation of the salts of lime and magnesia which 
■occurs, compounds of the tannic acids are formed with the metals 
of tlie alkaline earths, and the harmful action of these compounds 
is all the more pronounced the higher the hyclrotimctric degree of 
the wattu’. 'I'he presence of these salts also make the process 
slower, the deposits prevent the water from penetrating in the 
rduTs, and a ijoorer extract is obtained. 

Iron in the water combines with the tannic acids, gallic, pyro- 
gallic, t|ucrcitannic, morintannic, catcchutannic and gallotannic 
acids to form ft?rric compounds which give dark blue, greenish- 
olive and green precipitates, not only wasting the tannin matters 
l)Ut discolouring tlie hides. 

By forming tannic compounds, waters containing lime and 
magnesia lead to loss in the tan-pits, therefore in preparing these 
i'xtraets a pure water should l)e used or the water should be 
corrected before empl{)yment. 


CHAl’TICK XI. 

WATHK IN I'Al'I'.U-MAKl.NC.. 

In choo.sing the site for a paper-mill, the cpuility of the av.iihihU- 
water should be the first coiisidenitiim. as water phu'** a ittust 
important part in paper-maldn^f. If wiUit had tu 1 r’ lined iimt an it 
is, and without beiiifj corrected, .some papers cmtld imt made. 

Cigarette, filter, tissues, and other fine pajwrs eaiuiot be made 
with water containing impuritie.s, whether these are in sdhithtu <ir 
in suspension. The mechanical impurities which might charge the 
paper pulp with hurtful matter.s arc happily uas}’ to remove. 

Thu.s by pa.sHing the water through animal i h.ireoal. it in 
perfectly filtered and even some bodies in solution are retained by 
the filter, but thi.s proceH.H has been almost ahandoneti. IwH aiisr of 
its high cost, a.s animal charcoal quickly loses its filtering power, 
and has to be revived. 

One of the most simple me.ans to clear the water from impuri- 
ties is to let it .settle in large lodges, hut this mel!io<i on .isioiiH a 
waste of time and moreover a large area for the UHtges mm-t f*c at 
the disposal of the [laiier-maker. 

Filters of gravel and .sand have been used advantagentisfy to 
free the water from .suspended matter, and these give a teadv 
and abundant supply. 

In the chapter treating of commercial filters, we shall flescnlw 
several with a large output, taking up very little ri»om and suitahlr 
in every way for a paper-mill. 

The purification can also be effected by decanting from u first 
tank and then filtering by successive passages through lajers of 
gravel of diminishing thickness, finally running the water over a 
channel of sand. The water after this treatment, which is very 
inexpensive, is limpid, and is freed mechanically from the sub 
stances it primitively contained. 

In some paper-mills the waters are softened by adtling a little 
alum to them, a method which has been practised in the earliest 
times in China. 
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Water charged with iron salts is unfit for paper-making. Under 
the inlluence of an alkali the iron is precipitated, and gives the 
paper pulp a brown colour. In this way ferruginous waters do not 
allow light shades or art papers to he produced. These iron salts 
have a still worse effect when the paper is si^^cd. 

Salts such as the carbonate and sulphate of lime, and the 
chlorides, which have not much influence on the paper pulj), 
produce very serious troubles when the paper is sized. 

Formerly, the sizing was done with animal glue from which 
the chondrine was precii)itated with alum to give the size better 
ktteinng pro|)crties, but vegetable size is almost entirely sub- 
stitutefl for this, and with tins calcareous waters are particularly 
harmful. 

In vegetalde sizing, resin is precipitated from the solution of 
a resinate, and is fixed on the fibres of a [)aper. This precipitation 
is effected witli various sulphates, hut usually with alum. When 
this is use*d, a resinate of aluminium is formed, which is precipitated 
on the' fibres. 

('alcareous waters interfere with this precipitation, as the carbonic 
acid holding the carbonate of lime in solution in the water acts on 
the HOtla of the rc'sinate fT sodium soap primitively formed, giving 
carbonate (jf soda and precipitating the resin, which is not fixed on 
the fihreH hut combines with the lime to givt' a granulous soap 
which spoils the sizing operalitai. The same thing occurs when the 
water has been acidulated with hydrochloric or sulphuric acid, or 
even routains frt^e chlorine. 

In anj' of these c*ases, the re'sinate of sodium is rlecom posed, and 
the soda coinhities with the acid (<r chlorine to form chloride or 
sulphate of sodium. 

'Fhe resin soap thus decomposed is fixed badly on tlie fibres of 
the paper. Alkaline water is also harmful in sizing, as double salts 
are formed with tlie alum and the alkali in the water, and these 
interfere with the Hubseciuent formation of resinate of aluminium. 

It h a good thing to put in an excess of alum over the quantity 
of resin user! in making the resinate of sodium to begin with, in 
order that it can form double salts or ct)mpc)unds with the harmful 
salts of lime, iron or magnesia contained in the water. 

This is why in many English [>aper-mills rather more than 
a penmd of alum is ailded to every pound of resin used. 

When the water is very calcareous, or contains salts of magnesia 
in solution, it must l>e corrected before being used in paper-making, 
and this entails a large ex|,>enHe. 

We shall examine certain processes in a special chapter on the 
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subject, but one of the simplest means consists in ninniit}' the water 
through a filter of gravel and sand into a tank containing milk of 
lime in excess. The salts of lime and magnesia are thus precipi- 
tated, and the water, after settling and decanting, is usable, and 
moreover, the advantage has been gained of precipitating the ferric 
oxide from the salts of iron in solution. 


CllAl’TKR Xll. 


WA'rUU IN I’HOTOCiUAl'HY. 

I’lIOTocHtAl'IIIC failures I'lrc often due to the composition of the 
Wfiter used in the processes. 

I’liotoj^niphy di-pends U])on the molecular transformations of 
certain hodie.s, such as the .salts of silver, by li{,fht, and the reduc- 
tion of these' salts by developiiiff afjents capable of reacting 
chemically. It is easy to understand that matters in solution in 
the water are also capable of giving rise to reactions, the effect of 
which may be harmful in the printing and developing proce.sse.s. 

Preparation of the Emulsion. In making gclatino-bromide 
gliize, it is evident tliat the preparation of the emulsion must be 
done with .a w.iter of a certain degree of [)urity. 

To iK'gin with, it must be free from all solid matter in suspen- 
sion, as this would ileiiosit tni the layer of gelatine and i)roducc 
spots on the proofs. 

In rainy weather thi* water is often yellow. It hokl.s earthy 
matters in solution, and the.se are harmful in [ireparing emuhsions 
and in all photographic processes. 

This difficully can Ik: avoided by adding a little alum to the 
water about half a gramme per litre, 'rite water thus treated i.s 
then allowed to settle, and after decantation is limpid and can be 
used without f»*ar. 

If the emulsion is too aciti, the transformiition of the pulverulent 
bromide of silver itito granular bromide is retarded and the sensi- 
bility of the plate is diminished, and .some makers prefer water 
t hargetl with calcareous salts, becau.se these .salts neutralise the free 
nitric acid in the emulsion. 

As calcareous waters, however, produce insoluble compounds 
which diminish the sensibility of the emuhsion, a more rational 
methcKi is to correct the acidity with ammonia. 

The acid then combines with the alkali, producing nitrite of 
ammonium, a very soluble salt which the water easily eliminates. 
If the water in the first .steps of the preparation of the emulsion 

(143) 


^44 INDUSTRIAI. USKS OF WATFK. 

need not be absolutely pure, this is necessary in the rase of the 
water used for washing the prints. I'his nu.st he done with distille.! 
water, with which there is no fear of harmful deposits. 

It mast also be remarked that waters contaiiiing ehlondes. 
sulphides, etc., may produce bad results in preparing tlie emulsion. 
The bromide of silver is obtained by mixing two solutions, a 
solution of bromide of potassium and another ol niU'.ite of silver, 
and at the same time that bromide of silver is preeipilatcsl ehloride 
of silver is also thrown down if the water cont.iiiis ilihiii<ieH in 
solution ; — 

AgNOj + NaCl Agtil + NaNt f,. 

Thus a mixture of bromide and ehloride of silver is obtained, 
with a resulting diminution in the .sensitiveness of tlie tilm. 

For this reason sea water could not In- used, lor instame, or ihe 
proportion of chloride of silver obtained would Ik- enormous, seeing 
that there arc from 30 to 35 gramme.s of chloride of sodium per litre 
in sea water. 

If sulphides are pre.scnt, a precipitate uf sulpltide of silvei is 
■obtained, and all the emulsion is wasted : 

aAgNOj + Na.jH .'\g,;S t ^NaNOj 

These waters containing sulphides, or siilphuirtted hydrogen, 
are unfortunately very plentiful, bond water and running water, 
in particular, contain organic matters, with u consei|Uent preseiur 
■of sulphides. 

Water even that has no sulphides in it may iK-eomr ehargeil 
with them in its [las.sage through caoutchouc tuliitig, i'o prevent 
this, the caoutchouc should be desulphurised by steeping it for 
some minutes in a boiling 5 per cent. HoluUun of potash. 

This done, the tube should be washed until it shows no furthm 
traces of alkalinity, that is to say, until the wash water no longer 
turns red litmu.s paper blue. 

Development of the Negatives, --In ticveloping negatives, the 
quality of the water i.s of the greatest imfwrtance, so iruich ho, in 
fact, that in many cases photography has to be given up for reason * 
which we will examine, or at least appropriate remedies have to 
be adopted. 

All water for photographic purposes must be carefully filtered 
In this way deposits of matters in suspen.sion on the gelatine plates, 
which subsequently form spots on the photrigraph, arc avoidetl. 

Distilled water, which ought to be always employed, in n««t 
always available, as it may not be procurable in the out-of-the-way 
places where the photographer is obliged to operate. According 
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to the substances which it contains, orclinar}^ water may lead to 
uumerons accidents in the preparation of developing baths. The 
develfjpers are intended to [)recipitatc the metallic silver from the 
In'omidt' of silver hy a reducin^^ action, and if the water contains 
oxidising !natUn*s, or air in solution, the reducer is oxidised to some 
exlcMil, and loscvs its rcuhicini^ power to that same extent. 

Uiult'r iht‘S(' circnimstances, developing baths of pyroR’allic acid, 
hydrotiuinone, j)yrami{iopht'nol, etc., are rapidly spoilt, h'errous 
sulphate, for instance, rapidly hecotnes ferric sulphate, a salt which 
has no actit)n on the nitrate of silver: - 

2 hVS(), + () he.(S(),),. 

If there is too much air in the water which has to be used, this 
can he tsisily ^(oi rid of hy I)oilin^ it for some minutes. It is easy 
to note the action of il\e air, or rather of its oxy^^en, as the salts 
(jf inai and tlu* p)n^c»Ralh)l turn rapidly brown if the bottles con» 
taiuin^ them are not t art'full}' corked. 

If llu* waters arc‘ ttalcart'ous when the iron developer is dissolved 
in oxalate of potassium, a precj|)iLali‘ of oxalate of calcium is formed, 
winch is yvry harmful to the plate. 'fhe insoluble oxalate of 
cait'iinn forms a crust on the film of gelatine, which has been 
sfjftened by tlu* clifferent manipulations: - 

ICC/L f CdCX\ - 4. K.CO.,. 

Idle oxalate* of calrium thus formed must be allowed to .settle 
for some liours, and the solution may tluin be decanted olT. The 
use* of calcai'c’ous \vale*r leads to a h)ss of neutral oxalate of [lotaS” 
sium, and the bath is tlien utilisable. 

The t arbonate of calc'ium kc?pt in a state of solution in the water 
by the excess of carbcuiic acid should be got rid of to begin with, 
atul to dcj this it is merely necessary to bring the water to the boil 
for a few minuter in onler to |Ht*ci()itate the carbonate of calcium, 
then allow U> se*ttle and decant. The water then no longer gives a 
precijiitate with the oxalate. 

The [ireparation af ferrous sulphate in solution at the first glance 
does not seem to rcxiuire a water free from calcareous salts. Never- 
theless when the two solutions of ferrous sulphate and neutral oxalate 
of potassium are mixed with such waters, oxalate of calcium is formed. 

This insoluble oxalate of calcium formed under these circum- 
stances is all the more harmful as it is hidden by the coloration 
prcKluced by the reaction of the oxalate of potassium on the salts of 
iron. Thus, toth the solution of ferrous sulphate and of oxalate 
of potassium must be made with water free from calcic salts. 

Organic develojKTs, the base of which is an alkaline carbonate, 
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form a white precipitate of carbonate of tnu^ne.Hitim when the walei 
contains salts of magne.sium such as the chloride, atul this jirecipitate 
deposits on the sensitive film with harmful results ; 

MgCl.^ + Na.,CC),, « Mgt'O;, t -‘N-d’l 

Carbonate of magnesium, which often remains in M.luti..n in tin- 
water, in the presence of an excess of carbonic acid, gives rise t.. 
troubles absolutely analogous to those caused h>- tin- calcic ^alls. .md 
the remedy is exactly the same in both cases. 

The organic develo[)ers made with the alkaline c.nbon.ttcs give .1 
precipitate of carbonate of calcium with the sulpli.ite ol calcium m 
solution on the water, and this is allowed to settle and sepai.ite In- 
filtration. 

Thus treated, the wtiter leads to no ulterior ditifu iiliies ; it i-. 
simply neces.sary to take into consideration the amount of carbonate 
of lime precipitated, and add the necessary t|uanlity of c.trhon.itr .4 
soda, which has been u.secl up in this reaction, in order to complete 
the necessary proportion of earhouate ol siula in the b.ith. 

This precipitation of the salt of lime ean he e(fe» l«-d iK-fon- 
preparing the developing bath by means of the neutral oxalate of 
pota.ssium. 

Washing the Negatives. When the plate is developed, it e. 
important that the first washings should he ilonr with pure 01 dis 
tilled water, 

On leaving the bath the sensitive coat of gelatine is im|»rcgiiated 
with the salts of the developer, and if the washing is done with 1 a! 
careous waters, these precipitate oxalate of calcium if the ilevri.>pci 
was an iron .salt, or carbonate of calcium if the devclo{K*r w as an 
organic body, as in this case it would contain an alkaline t aiirmuitc 

The oxalate or carbonate of calcium rurinai wmdd dei«c.it on 
the gelatine coat, and produce spots on the negative, winch wotdd 
be communicated to the prints. 

A remedy for the.se difficulties can l>e found if pure water is not 
available. The calcic .salts can be precipitattnl to iK'gin witli with 
oxalate of potassium in the just necessary proportions tw the v\atci 
may be u.sed without any preliminary correction, and tiie precipitate 
of oxalate or carbonate of calcium dejiositei! on the plate can lx- 
redissolved. 

The depo.sits can thus be di-ssolvetl by plunging the tkrvclufied 
plate for a few second.s in a bath acidulatetl with hytlrochloric, citric, 
or tartaric acid ; — 

CaCO, + 2HCI - CaCl., + CO, + H/). 

CaC, 0 ^ + 2HCI * CaCL, + CO, 4- CO +• lip. 
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A weak solution of hydrochloric or citric acid will act perfectly 
in clissolvin^j^ the deposited calcic salts. 

When salts of maj^ncsia are present in the water the same 
troubles arise in develo[)in^ the plates when 
or^^anic developers arc used ; the result is the 
precipitatif>n of carbonate of ina^mcsia. As in 
the case of the calcic salts this can be prevented 
by precipitatitij; it out of the water to be^'in 
with. 

It is merely ncct'ssary to add Cc'irbonatc of 
sodium to the water before preparin^j the de- 
veloping bath, d'lie ma^^nesia is preci]>itated, 
it is allowed to settle, and the water ma}-^ be 
used after filtration. tank ibr 

I’Vetiuenlly after devtfiopin^ the plates the waHhmg pUittH. 
I^elatine t:oat is hardened in a bath of a solution of alum, in order 
to prevent the ijelatine from bcingf dissolved. When this is done, 
R little hydrochloric acid is added to the alum bath to prevent tl\e 
fornuition of the oxalate or carbonate of calcium, according to the 
•developer employed, 

‘The bath may be prepared as ft)llnws :™ 


Grammes. 

Walter too 

Alum 10 

ilydruchlaric acid 5 


The addition of hydrochloric acid to the alum bath has another 
advantage as it [jrevents the preci[)itation of alumina from the alum 
solution. As a matter of fact if pyrogallol or other organic reducing 
agent has btuui used in developing the |)latc, and if the washii g 
after the negative has been projjerly developed has been badly done, 
the plate will retain traces of alkali and give a precipitate of 
alumina : » 

Al,uS(),), 4 K,SO, + 3NaX(), + K3SO, -p 

Al,(), + 3CO,. 

This alumina is a very flocculent white body which will adhere 
and form S(K>ts on the [date. This will not take place if hydrf)- 
chloric acid is added to the bath, as alumina i.s .soluble in this acid : — 
Aip, 4. 6 HC 1 Ai,a, + 3MA 
Some cjperators, for this rea.son, pass the plate through the alum 
bath after fixing. In thi.s way they do not risk precipitating alumina 
and pulverulent sulphur, which sometimes happens when alum is 
added to the hyposulphite bath in order to fix and harden the plate 
in one operation* 
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If the alum bath is used without adclini^ aeid, aiul salts i,f lime 
are deposited, it is merely necessary to dip the nep.ativt* intn a hath 
acidulated with hydrochloric acid, and then t«) vv.ish it t^aitdul!>s 

Hyposulphite of sodium is ortlinarily emph»>aHl m ti\ thr 
negative. The effect of this is to dissolve any hrmuide mI alvrr 
which has not been acted uiKin by light ami rnUunl hy the 
developer. If the pinto is well washefl otj leaving tlu- develupinjr 
bath, the fixing may be done iti the sunlight ; if on the cuher haful 
it has not been thoroughly washetl, it sluiuhi l>e fixed in tin* ilark 
room, using a yellow or red light, otherwise the plate may turn yeduw. 

When the negatives are treated with pJTogallol or atiy nllun 
organic reagent, care must be taken to wash the plate tin Mine, dtly 
before fixing with hyposulphite of sodium. 

Traces of alkali remaining in tlie sensiiiva* tihn art on the 
hyposulphite of sodium, translonning it into the sulphide^ wlm h 
combines with the bromide of silver to ponlnec* a black Htdpludr of 
silver, which draws a sort of veil over tht‘ nc»gali\c\ 

By neutralising this alkalinity in a hath of hy«IoH hloiit , t itiii . 
or tartaric acid, as we have already indicatcsl, this i% nanedifsi. 
Moreover, the traces of alkali sofieti the gelatine ami ittakr it 
liable to be curried away. 

Yellow or brown spots on iht' negatives are «iftrn prodmrd alim 
fixing them because the washing has luit Imm tlHntnjgh, ami liaer-. 
of the developer remain, sucli as inai, |»yrngallol an«l paiiimlarly 
hydroquinone. 

The alum bath facilitates the elimination of drvrloprr 
employed, which may remain in tlu* negati\tx A ^ {nn' eriii. 
solution may be used, which at the same time will luudeii thr fihti 
of gelatine. 

A 3 per cent, solution of chrome iron gives a nlighily yjvvm^t 
tint which is not objectionable, and it jiroilut cH thr i an 

ordinary alum, 

If at any time the plate turns yellow in the drvrlo|iiiig hallu 
this yellow tint can be removed by dijqjing it hiriibnil five iminilt-* 
in a bath composed of 

Water 


Alum 

Hydrochloric acid 


I • 

. I 

Iiw* 
1,1 Isi 


Of course it will be understood that the negative Ik? waHheif 
before fixing. When fixed, the plates should be entirely fr«?d from 
hyposulphite of soda, otherwise the proofs on p{i[K*r will be; covercti 
with yellowish spots. 
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Allrr a litlk*. tiinc tlu* iu‘|^ativc itself will he clamagccl by re- 
aclitjus caustMi by the hyfK)sul|)hiU‘ of soda, which will attack the 
silver cjf the plate, foriniti|( sulphide of silver. 

Ihoniuph washin*,*; is iliert'forc? indis[)cusahlc, and as ordiaar)'" 
water may \)v enusidcaa-tl as not always efficiicious enough, a little 
hypoehlorile of soda should l)e added to it. 'hhis has encrf^ctic 
oxiilisitiy^ prijpt'rlit's, and transforms the hy[)osulphitc of st)dium 
remainin-: int«» hisulphiit* of sodium, a very soluble salt that the 
water easily elimmattN. 

Ill ipn rid of the last traces of hyposul[)liite of sodium, the 
Wrishiug tan be titan* with water containing from 7 to 8 cubic 
< entinnUri's of tsiu tie Javtd ; hyptnidorite of sodium) per litre, 

Iieaeatl <if eati tU» javtd a solution of hypochlorite of xinc can 
he ir etl. 

Vu prepart' this. ;»tj ip’ajtimes ofcldoride of lime are [ijroiind up 



PKi, ti,| Wtnnl«ai ttraiac^r Ibr 
Ian ! 1 .itnr iht? plutes, 

I«l4ir-s « .s«i !»r piU 

syln -4tsv 

with w.itci t.. ;i |>.f.tf t!i .1 tniirtar, aiul this is hrmij'ht ii[> to i litre 
with w.iii-r, .1 HnUtiion uf -ju {^fraintiU's of suliihato of zinc is uddod, 
;md du- whulr i-. altim.-d (o settle, ’riu- tiqjiilivt; is dijipcd for two 
tuiiiiiirs III .1 li.tlh ( oinjKisc’d of 1 |i.irt of this product to (> [Kirt-s of 
Wiitcr 

IVioxhirof lu drosp-ii ;iu«i nitrate of lead may also ho iisod. 

ft is wrl! t.. note that thiMias-uiifr of the ne^mtivt; throiijr], the 
alum halh aftci lisiii!' also },;rcatly facilitates the eliiniiiation of the 
hyjai ailphtsc of ^itditim. A Iwth contaiiiiiif» iH‘r cent, of ordinary 
.thim or 'i pet cent, of chiotne alum may he used. A bath made 
with eipial voUimes of saiunUed solutions of .st;a salt and alum also 
ttivt’s jttKwl re'>iill*«, 

A tl»»ioU|;h washing in ftrditiary water follows. 

Ths Print*!, rite preparatiitn of the baths for the prints 
necessitates tiu* em|iU>ytnent <•! a water entirely free from organic 
matter. 
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Otherwise the chloride of gold in the baths will hr rrtiuced by 
the (organic matter, with a coiiseciuent precipitaiicnt nf inetallir r«*1c|^ 
\\'hich of course will reduce tlic strength of the hatlt : 

4AUCI;, 4 - 3C *h 6H0O I2ll('l 4 b f 4 All, 

Water polluted with organic matter sluaihl therehae hr rejected 
in preparing the printing bath, just as in jurparing a scie.8tive paper 
with a solution of nitrate of silver, in whic h ease tin* organic matter 
precipitates the silver in a metallic slate. 

Rain water in falling becomes charged with hcidie*^ siitdi ti‘» 
nitrites and ammonia. These bodies are very harinlul in the piini- 
ing bath, of which they reduce the strength, Mven di^4ill«-d water 
demands care in its preparation for these pinptm^s^ and tlii * not 
always taken. 

In distilling the water, the still must bt^ lluirtaighly cleaned in 
order to avoid the carrying over of any organa: maUca, i Hhri Ht%e 
the organic products will he retairunl in the di* 4 sUate ami 1 auHc 
troubles. 

Nevertheless if the [)hotograplun‘ is (^hliged to m»e watt’ll clcirip'd 
with organic matter in his proceHse%, these iin|tui ittr*i may hr 
eliminated by adding a solution of [>rrmangatiate of poia .^atnn 

As long as organic matter is preMUit mitieHU«iy«‘d, t!ir per 
manganate will lose its ct)lour, but as sonn as die water keep*, a 
violet coloration the organic rnulU*r is eliminatc^d. I hr 
must be carried out carefully and enough permangatiatr id 
sium must he used without btnng in vxcvh\ 

The water is allowed to settle, atul alter filtration is rrad> I t 
use. After the prints are washed, they an* fiKetl u illi lu piradphne 
of sodium, then thoroughly washed again to elintittaie the Ls f 
traces of hyposulphite, which is a prolific hoiirce ol injur) H ii 
remains spots will appear and the photograph will In* damaged. 

The permanence of the photcjgraph de(Rfncl% ujnin ilui lea 
washing, and in this case it is not necessary tu distilled wain. 

On the other hand, ordinary water is imnl as a rule, and Ihr 
salts which it contains form easily elirmnable compound . \%tih a 
hyposulphite of sodium. 

Too long a washing weakens the photograph, ami de*4rov 4% 
brilliance, and the washing may l:>e Hhmtened by Iransfiirnimg, a 
in the case of the negatives, the remaining hyposulphite* into fji- 
sulphite of sodium, which Is very soluble in water, hi order to d*^ 
this, the positive is steeped for a quarter of an hour in a ivrak mAu - 
tion of eau de Javel, then washed for two hours in cirdimiiy water, 
and in this way a permanent print is obtained. 


CHAPTER XIII. 

WATKR IN SUCiAK UlCl'INING. 

Ihk sii^'ar iiuluslry in certain ])roct)sses rec|uires as ])ure a watc'r 
as pcjssihle, (or instance in filtcrin^^ the syrups throui^h animal 
charcoal, in (hTAision and in osmosis. 

In su|.(ar works wluu'e animal charcoal is used in the clarification 
it must he washed with \mw water. 

If salt water or cah'areoiis water is used, the animal charcoal 
tjuiekly lost's its bleaehiii^^ |K)wer, hecau.se of its property of absorb- 
ing, saline sul>stanee.s. At the end of a short tiitic it must be revived 
or teplacetl 

Animal cliarccjal can be revived with water soured with hydro- 
chicaic: (^r acetic acid, in order to transform the salts of lime and 
map,neHia, whielt tUhtawist; would l)e [iredintated on the charcoal 
into soluble salts. Sometimes an alkali is added to the water, but 
this should nt>l be done, 

Hus treatment is folltnved b)* vvashiti|.^ the charcoal witli pure 
watts; in order to carr)* off llie salts which have been rendcrctl 
soluble by tlie at id, ancl to eliminate all trace of acidity. 

ITe tirgatiie matters absorbed are |^ot rid of by calcining the 
charcoal. Phos|)Iuir!c acid and the soluble phos[)hates have no 
harmful action in sugar refining, but it is not so with the other 
saltH. 

The method of extraction of the sugar from beetroot by diffu- 
si<»n t|e(iends upcjii the [dumornenon of osmosis jiroduced between 
the water ami tlie juice of tlie beetroot, the cell-walls jilaying the part 
(jf dialyser, 'Phe salts contained in the water used must be taken 
intei consiclt‘ratitm, as by reason cT the huge ciuantity it is necessary 
tu emjdoy the proportion rapidly increases in the concentrated juice, 
interfering with the crystallisatimi of the sugar, and diminishing the 
yield. The majority of the salts contained in the water may be 
looked upon as carrying some part of the sugar into the molasses, 
and sometimes even their action is directly harmful. 

In special difiTusers in which the sugar is very completely 

“’"property of 
URHEEIE INSTITUIE OF TECHmOY 
LIBMRY 
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extracted from the beetroot, the purity of the- su^ar pnHlma-,! very 
largely depends u]X)n the salts in the water used. 

Water charged with the sulphale.s of calcium and ..f uMipi.-umn 
and the alkaline chlorides is liarmful, a.s these salts relain a m.t.d.le 
quantity of sugar in the mother hquor. The alkaline eld.-iide-, in 
particular, easily coiubine with tile sugar, (orming deliquescent . ..m ■ 
pounds. A water holding a chloruh- in solution may retain o-oqsy 

of prismatic sugar per chemical unit of . hlorine ; . hlortde of lunn 

only retains 5*852 of su^ar per unit. 

Waters charged with chloride of sodium uatmall}' chlrtisi*»!i 
juices much more saline than Ihtjse ohlained with purt' walei* ami 
this deteriorates the tiuality of the sugar. \\ iilcn *4 aliuui jo 


hydrotimetric degrees is iisuallj* suiiahie tor diffusiuiL 

The dei)Osits of carbonate of calcium^ which are it«rmeil In- the 
decomposition of the calcic bicarljonate in the water, inlerteie with 
the process of diffusion when the water is very c alt areuiei, ut %vhAt 
comes to the same thing, when huge quaniitie*^ uf weakK* cab ateuus 
water arc employed. Theses calcic depoNits abai tlamagr the re- 
sidiiary products, and diminish their value a*, fund Un cafflr. hA'cis 
soft water containing mailers in siMpcnsinn must teirTtrd ur 
must first be fillered. 

For instance, if it contains saruh thi^ is earned !iy the water inn* 
the diffusing ap[)aratus and cuuses rapid wear of the valve's wlncli. 
by-the-bye, often occurs through iu?glti.»em’e. Wafer luolaiitnig 
organic matter in suspension may [irnducc^ siil|ihurett«’d hydiognc 
which will s[)oil the beetroot juice, 

Thi.s production of sul[)hun^tted hydingen lia^» alw.u to be 
feared with water containing Hulphutes of the alkaline rarlh'i and 
organic matters. In this case the sulphates *i.rr very e,ea!y irdi^rt! 
to .sulphides, Water ctmtaminated with organic tri iUer iiue 4 lie re 
fore always be filtercfb 

Deposits of the sulidmte and carlionaie tif Imm nun aba» lake 
place in the serpentine steanneoih of the fKulitig appairalti^ and ihr 
bad conductivity of the scale ftinned, which inertvesr^t according 
to the thickneSvS of the deposit, beaunes very tr«iul>leMimr, Fhr 
formation of this scale will of course de|HaitI u|Hiri ihr jiro|ioiiioii 
of salts in the water, Pellet has proi-Mim! a ritpi«l iiiritiod cU 
gauging the suitability of a water for ime in the ex traction »f ^ngar 
from beetroot. From 2 to 3 litres of the water are taken for ihr 
purposes of the test. To this is added from 5 to 6 cubic cnili 
metres of properly prepared lime water, which hm Imm carcfiiily 
decanted oflP the deposited lime. 

This done, the diluted lime water k thoroughly carbmatol by 
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hc'utiui,.^ it first tt» abnut 75 (,., then to 90" C., and finally boiling' it 
haiR t*iu>n|tlr It is then filtcncnl, and from 2 to 3 litres of the filtrate 
art! takem tn hr t«‘sird. Onr litre of the water is then taken, 
('vaptaattsl lo tlrynrss, t alenusl, and the wei<^dit of the rcsichic j^dves 
a snffuient iudiialiou tif the aniciinU nf sails tinit would be de- 
|Kjsitre| tn juac‘ttrc\ It is evident that the \vcM*Rht of tht‘ organic 
niatt«'r Ininnl in the n^sirhie rati he ralrulated, and a deduction as to 
the «|ualttv id the water drawit from it. In pnrifyin^^ suf^ar refinery 
vvatta^ tlu- p“int !ia% in he iitaisidered whether the snhslance used 
inav’ he harmful in ilu* inneess of dilTuHicjn. 

The jirts t|ti!aliMi! td the salts of little nr of magnesia by bases 
nrdiiianlv mied lu pmify water, sticdt as potash or soda, lead to 
remthais hr duulde tletumpusiticMi of the stdnhle salts, such as 
%ul|dutlr of Hodmni and snlphate <d pnlassiuin, which remain in 
the wain, I hr hydr«dimidrie lU'vp'ee rd* the water, which may be 
vny ImrIc tudotr n treated in this manner, may be vt^y consider- 
ably lowered. Xr% t^rlhele-* the water may i^ive in tlie diffusion 
pro!ie>%a df^p«e 4 i ej|na! to lliat wdiich it wtjuld have formed 

Indore I hr* etao^t Usl water, therefore, in ahnost as had htdbre as 
alba* pmifii at lotr 

WalcT llial tired* siarreiiojf, therefore, must he [mrified by 
%pi*rial inratr% and iS t% pr«drrahle when the supply is too heavily 
eliar|^«*d wiili raltb 'adls to ti‘.r thc^ eomkmsed water from the waste 
-deaiin wineir «iiore«o.er, very ahnndant in sU|»ar works. 

Idle Inpir fdiri I evaporator prorlureH an enormous ciuantity of 
f|r 4 illed Wain, and file waier fViHn the secourl ami third cylinders 
Vi very advaniaitroirdv uned in washin|^^^ tile scum in the mechanical 
4?!taloro4i'', n# iiitri pre^**ie^s whuJi fiave i^reat advantages over 
ainnial ehao oal llliro.. In this water any ammonia which might 
\n ' led away wdh ihr' W4‘4e ’dcaiu retasuei! by sjandal devices in 
ihe triple eiirr! rvapoialor. !i may lie added that feerhavaters 
lor file lioiha'* in '■aig.ii works i<^hou!«l never contam chl(»ride of 
iiiayne'aa 

1 m llie t liaptrr m wlhK.li llic «|iles|ion of h^ethwalcr for boilers 
hfe t'ofOinhaed, we luivc* incrd that this salt is particularly dangerous, 
as it. easily i Ir* oinpi ra’n and lilHa'ales its hydrochloric acid. 

In sii|*ai Worlds ^viieri" a huge voliirne of steam has to be pro- 
citiced, smh 4 w'afrr lined Im* rejc^cted, at if corrosion arffi ra[)icl 
fkdrrioralioii i 4 tlir 'tieaiii pijM^s are to Irr? avoidrsk the water must at 
lt%Bl Ir sidfriird lifdorr iinr, Moreover, there is a danger of this 
liydrorhkific acid fnidnig its way dUe» the water of condensation 
iHCfh ttdili cofea,s|iiiriil trouhlrs in the prm.:esse^ of sugar 'extraction. 

O^tiiosis Ihe same principles as the diffusion 
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process, with tlie difference th;it u sheet of piirchiiit'iit tt'plittes tiur 
cells of the beetroot as dialysers. 

By osmosis the salts which would prevent the cr>‘st.illisation of 
the sugar are extracted from the molasses or the syrups. 

O.smosis, which might be called tlialysis. depends iipun the 
principle that a diaphragm of parchment pairer, when used as a 
filter, allows saline matters to pass through and retains in.itter ol 
its own nature, /.f’., colloid.s. The parchment paper fr lines ul the 
osinogene, therefore, eliminate the saline* matters of the ina*'’ies. 
leaving behind a irurified mass of crystallisahle sugar. 

The porosity of the parchment [laper is of first importaiiie, ami 
the nature of the water used h;is a considerable elfict mi tins 
porosity. It must he remeinlrered also that tlie «]uatifity ul water 
is relatively large, averaging about si.v times ilu* weight of the 
molasses. With impure waters, therefore, the pmv» of the M’plunm 
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are very ciuickly obstriictecl, ilu* osititiHiH pnirmln hacll) , virl«i 
becomes small, and either the framen tif the iinea l«^ 

cleaned or the parchment replaced. 

The less salts in soluticjn the water contain*^ the rawi k ih 
eliminate the saline matter from the and in 

increase the yield of the HUgar. h’or the ^atne* that ihr 

molasses is freed before osmosis from tfut sails cd limr, whit li ate 
refractory to the process, the use of cidcareous waters wliir:li inier' 
fere with the separation of the saline matters shouhl b* avoicled 
In several foreign countries the practice of 
successfully adopted, because the sugar works have very pure 
at their disposal. The necessity of purifying the waters tiwl m 
the osmogenes adds to the difficulties of the 0}M.^nitlon, tfir 

products employed become incorporated in the tmim of Ikjuid, 
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In sLiRar works an enormous volume of steam is produced, and 
it may be said that everywhere where sugar is made there must 
also be a production of distilled water on a commercial scale. 

Iti osmosis, as in the diffusion process, this water is very advan- 
tageously used, and allows better results to be obtained than with 
natuial or corrected waters. The deposits from calcareous waters- 
and other sources, as for instance those produced by the molasses 
in the osmogene, necessitate a cleansing of the apparatus to elimin- 
ate the (Hffercmt salts. To do this the osmogene is emptied, then^ 
fillt'd vviU\ water, and a little hydrochloric acid is gradually added 
until all the salts and in particular salts of lime are dissolved, A 
lilie of hydrochloric acid is usually sufficicmt for one apparatus. At 
the end of a lew minutes this acidulated water is run off and finally 
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the ositiogene is washetl witii |)ure water, and is then ready for a 
fresh Imth. 

ft fmiHt also he ntJted that liie tri|)Ie e/Tect evaporator is cjuickly 
lincfi with defKJsitH (if the mcjst com()lex character, formed for the 
most [jart of the varicnis salts of lime. The triple effect evai)orator» 
therefore, must be scoured out in order to regularise the transmis* 
sif»n of tlie Iu‘at and avcjid the decomposition of the sugar. 

This is druje by rakitig out the tubes and then adding a little 
hydrochloric acicl or carbonate of sodium. 

If the dcfKHit resists this treatment it is usually siiicious and a 
Hirnfile treatment with soda is sufficient to deal with it. 

7‘he triple effect evafjorator has simply then to be emptied and 
flushed out with clear water to eliminate all the remaining soluble 
salts and all traces of aciditv, and the evaporation of the sugar 
juice can then be continued. 


Cl [APT 1C K XIV. 

WATKR m MAK!NCi ICK AND iU’.VI>incn“S 

rriK quality of water used in inakiiiit iuis inintual waters and 
beverages in general is a (luestiun cjf the impMiiaiut*, a*, it 
concerns the public health. 

The first condition that such waU*r nuisl fulfil is In he st l upu 
loiisly potable, both from the \mh\i of view uf its ehniiii'a! t mupu 
sition and its bacteriolo|^ical coiulition, er at least it must he* purified, 
filtered and completely .steriliseth It is itultsjieusattlr, iherefta’e, 
consider the nature of the chetniruls itUrodured to purify a water, 
remembering that they will be fourul in Uus water after having 
undergone reaction, which must Ik* tukt*n iutt» a«etHiiit and their 
effects examined from the alimentary point nf view. 

An exhaustive rcijort by ITofessrir Riche on the alimentary 
use of ice, presented to the C!unst*il d'llygicitc di* la Seitir, 
that the congelation of waUu“ dtam nut flrslniy all its iintruliie 
organisms, and that in fact ice may iKs tune a veritalile vrhiiir uf 
disease germs, urifl may contain the typhttid ha« ithe^ uiiitii is 
hardly affected by the knv temfKuature, 

Cold has no elTect on matty" micrtilK's, Certainh^ H«»inc <4' ilu-m 
diminish in numbcr.s or even disap[H*ar when the water is 
such as for instance finrilliLs f^rtkiigimas, hut ihi'* deadly efiri I «in 
the microbes is more active after several suet!«*^i%ive r-tini^rlali^ais 
than after a long duration of free/ing, h’ra|ueutly ice tniiii naiural 
sources, ponds, lakes or slow streams, is itmre harmful tf* the |nihtt« 
health than artificially produccfl ice, as it contains all the polHitiun-. 
of the water from which it has been (irocuriKl. T\m water* tvtiich 
would be used in its liquid state with re|Higiiaii€e* is thm ale^urfitn! 
in the form of ice. 

The examination of waters in the euvirornnent of Paris, 
which ice is cut, as for instance the ponds of the park nf St. Vhmi], 
and at Tourvois, and the lakes of the Bols t\e fiouh^gne and the 
Bois de Vincennes, has shown that these waters are very had. ami 
•that not one of them is potable. A decree of the ,|oth of Jimr* 
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I 893, aksolutcly interdicted the use of the ice on the pond at La 
Hriche, 

A lai'Ke [)art of the ice used in Paris is from the lakes of the 
Hois dc Vincennes and the Hois de Boulogne. This natural pro- 
duction amounts to 38,000 tons per annum, whereas only about 
.!3,ooo tons are artificially produced. It must be added, however, 
that llie ice famine durin^^ the summer of 1898 prompted several 
manufacturers to establish new factories which arc larKoly incrcas- 
in^t the annual [)r()duction. 

Like natural ice, artificial ice may be a home for microbes and 
contain the most dangerous bacteria if the water employed in 
making it has not all the (|ualities of a potal)le water. If even a 
pure water is converted into ice by exposure to the cold in the 
open air, it very (juickly becomes polluted with varioius disease 
j,;ei'ms in the atmosphere ajul is dan^^erous to the consumeiA 
In manufaelurinK ice, therefore, it is necessary to use sterilised 
watt‘r. 1‘he conclusions which were adopted on the report of 
Professor Riche by the Cloiiseil (rilyKicne de la Seine have also 
been arrivtnl at in an analo|^ous fashion by the Ck)nsultative Com- 
inittt'r of Public Ileallh of h'rance, with O^ier as rei)orter. It was 
ai4ret‘d that the ice Iradt' should be reRnilalcd as follows:— 

I. By interdictinii makers, dealers or retailers from selling or 
exposiuK for sale for alimentary use any ice which on melting will 
not give a water found to pt)Hst\ss the character of a kdocI potable 
water on chemical or baclerioloi^ical examination. 

2 By cumpellinK makers ov dealers in alimentary ice and ice 
for other purposes to keep these two different sorts sejairately, and 
l)y eddigiuK retailers to keep the two dcscri[)tionH of ice in distinct 
vesseds or tanks witlt murks which could not be confuseeb 

As the result of ihitsc decisions, a police {»rdinance was issued 
in the following terms: -- 


KRKNCdl RKPUHbl(‘. 

i.inKH if:. 

CKr CECTUHE UI* THE POLICE, 

OHDINANCK CONCKHNINC* THE COMMERCE IN ICK. 

Paris, 13^/1 Dicmbert iHgg. 

We, the Prefect of the Police; 

In view of the decrees of the Consuls of the 12 mes.sidor, year VIII. 
and of the 3rd lirurnaire, year IX.; 

The laws of the 14th of August, 1850, and of the loth of June, 

*^53 J 
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In view of the opinion arrived at l)y the (.c»nst‘il ti Ifvgitnu* et dr 
Salubrity de la Seine in its sitting of the lalh of May, ; 

In view of the despatch of the Minisier u( the Interi«ir. dated totli nf 

March, 1894, approving this opinion ; 

(Considering that the public* health deinaiuls that ice ccauainittg jutv 
harmful principle should not be delivered lor ronsumptiiin, 

Wc ordain as follows 


ARTttM.K t. 

It is forbidden to all merchants, makers, dealern attd retailerH. to sell 
•or to expose for sale, any ice which on melliitg tloes not give a |i*»talih' 
water. 

Aktkiu*: a. 

Makers and dealers in alinumtary ire and iee for «uher pnrt«ne‘. mu^t 
keep these two sorts of ke in entirely separaunl \n4ga/ineH ; ilua m wlut it 
the pure ice is stored must have the words ‘*alimrruary irr‘’ luuiit d on tt^ 
door on a white ground ; the impure it*e eKcdusively imciidnl for indu^itrnd 
purposes must be stored in a room upon the door of whi< h must be p.un rd 
•on a red ground the words ncm-tdituenUiry ice*’. 


Ahtui.k 3, 

The vehicles used for the transport of ic‘e uuist feear the s.uiir uiM up 
tion, according as to whether they are used for the c arriage of an alnnrniarv 
•or non-alimentary ice. 

In no case must these vehiedes be usetl for the trariH|wiri <cf a * atrgorv 
of ice other than that correspemding to the ite4*rlption whu h ilirv be^r. 

AkricKK 4. 

Retailers of ice must have two or water’^tigfil re**rrvoH>i, wiihoiii 
•communication between the two, the cnie kept eKpre^nly for ahim’ntarv u e 
and the other for non»alimentary it^e. 

Both of these must be labelled as already ordered, 

Retailers who have not two reHcrvoirfi may only sell iibrnenlary ire 

AaTtrt.H 5, 

The Director of the Chemical Laboratory of the Prrfrciurr iiwl the 
Commissaries of Police and the agents under their ortler« are rfiarged wiih 
the execution of the presetu ordinance, which will lie printed and |Hi%ied m 
public places. 

The PRKrECT or Poijcr, 

L. UrmE. 

tFor the Prefect of Police, 

The Secretaky General, 

E. Laurent. 
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In manufacturing beverages, and mineral waters in particular, 
the to[).s of the syphons should not contain too much lead, as the 
carbonic acid energises the attack upon it and the water takes 
this very poisonous metal into solution. With this in view, a 
police order in June, 1862, limited the amount of lead used in 
the alloys from which the heads of syphons are made to 10 per 
cent. 

The dangers we have already noted in the case of ice also apply 
to waters used in the manufacture of mineral waters, and the 
Consultative ('oinmittee of Public Health of France, in its sittin<i 
of the 25th of Aup;ust, 1H94, reiiuested the Ih'cfect of Police to take 
measures in conscnpuMice, and to prescril)e all clan^'crous waters, 
notably, the water of the Ourccj Canal, and of the wells in mineral 
water manufacture. 

In manufacturing^ ice and iniiUM*al waters, therefore, it is ncces*. 
Har\' to make a chemical and bacteriological examination of the 
watm* emplo\Tul. 

rei)ort of Dn Pouchet shows that the Consultative Com- 
mittee of Health of I*' ranee admitted at its sitting of the loth of 
Au^pist, 1H85, that the (luality of a water could be sufficient!)' 
gauged by testing for the presence of nitrates and ascertaining:- > 

L 'Plut t|uantity cjf solid residue left by the water. 

2 , ‘Pile weight of volatile matter at red heat. 

3. 'Phe hydrotimetric degree. 

4. 'The weight of the cliloriile. 

5, ‘Plu* wt'ighl of the sul[)hates. 

(). I 1 ie ((uantity of oxygen carried off by permanganate. This 
is proportional to tlu' quantity of organic matter ascertained by 
weighing after coml)Ustion. 

'I he table behwv gives the tpiality of waters according to the 
nature and the prtiportion of IkkIich w’hich they contain 
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To ascertain precisely the ([uality of a water for aliiiieiitary uses, 
whether for mineral waters or ice, thi' chemical analysis uuisi he 
followed by a bacterialo{,ncal examination. The quality of a water 
varies infinitely accordiuRr to the nature and nnmher of the mierohes 
which it contains. 

According to the numbers of Imeteria conlatm d in a enhic 
centimetre, a water is considered as : 


Very j^ood Im 

Good , . ♦ * • • » ' • ‘ * tM 

Mediocre 

Bad Ui 

Very bad » . . 


Waters from natural sources ctnit lin fnnn \,tKX^ tn hat irria, 

No water is potable which contains tlisease 

The action of mineral water on the inicr«»l)es varie'^. Aecm’thii|.[ tn 
Hochstetter, the microbes such as J/, llie t in ♦Un a h«u'ilhe\ 

the green bacillus, J/. (tnnrn/ittcus and pink )‘eaHt, an* affetic^d Ivus 
by mineral water than 1))^ tlislillet! water, hut the cnntraiy is 
case with J^nn/i^wsus, tlu' yt'lUnv hacilhis and the f>aei!lus alph.c 
Typhoid bacillus in |)articiilar lives in mineral watm miali 
longer than in clistilled water, Micndies in waters u^ed for making 
beverages and ice disajipt'ar ccanpletely when tiu* water is prupiaiv 
sterilised, and we shall describe tlie methcKls employed in a si«a iat 
chapter. 


CMAPTKR XV. 


WATER IN CIDKR-MAKING, 

It is hi^^hly regrettable to note that the rigorous cleanliness in 
the j)rtj|)aration of fermented bcvera^CvS insisted upon by Pasteur, 
althou|j^h it has become the rule in almost all breweries, is not 
observetl in many establishments where cider is made. 

The apple grower himself frequently [)re|)ares cider, and neglects 
the most elementary rules in the selection of the water which 
he uses. Water plays an im[)ortant part in the quality of cider, 
its taste and its keeping ciualitics. Unfortunately, the influence 
of the salts which may be found in solution in the water on the 
manufactured cider has not been studied, but it may be said 
that some ciders are better than others mainly because of the 
nature and proportion of the salts in the waters used in making 
thenu 

I'he eiflcr presses cannot stiueeze all the juice from the apples, 
and the residue of i)ulp contains matter which must not be wasted. 
In t:ide!r«making, therefore, water is used to extract the larger part 
•of the sugary juice. 

This water is of course eventually used as a beverage, and it is 
evident, therefore, that in cider-making an absolutely potable water 
should be enqdoyed. The water should therefore have this character, 
that is t(» say it must be limpid, well aerated, odourless, containing 
no disease germs, not turning turbid on bailing, lathering freely with 
soap, and suitable for the cooking of vegetables. Ignorant peasants 
prefer the stagnant water of ponds to a limpid and wholesome 
water, and .some of them go so far as to assert that such water 
gives the cider more body. 

*rhe [Kinds are freciuently in fields and accessible to cattle, and 
polluted by them in every way, yet it is pretended that such a water 
has no influence on the fermentation, the quality and the keeping 
[Koperties of the cider ! Such a water which has stagnated in the 
ponds and has received the excrement of animals, causes serious 
troubles in cider-making, as it introduces the most varied germs, 
II (i6i) 
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the acetic, butyric, lactic, nitric and nitrous fermc'nts, and cotnplrx 
principles harmful to fermentation. 

Outside the question of its c|ualiiy, and its disagrrcahic* (laviuir. 
such a cider may cause disease, as bacteria are prt^sent in such a 
water, which is not sterilised in the course of inamifadure as it is in 
some other industries depending U()on fermentalKau 

The water of ponds in the neighljourlujod nf stables alnura 
alwaywS receives purin and sc?cretions either by infiltration ur by 
direct drainage. In addition, such a water c’onlains greasy resi^ 
dues, such as biityrolein, free butyric acid, butyrates n\ eal« inug 
ammoniacal salts, and the fatty matters tjf suint which i ontnlmte 
to give the cider a disagreeable odour arul a rancid taste. 

With well water, the salts of cnldum ctuitained in it cnuibuit* 
with the apple juice to produce difiereiU cnrn|Hnmds u lui fi tlauiage 
the quality of the dcler. Hy prnperl}' acTating calcart^iftis waters, 
they may be freed from their carbonate of calcium hy precipitation 
and decantation. 

As in the case of the calcareous salts, the influence td ammo, 
niacal and feiTuginous bodies on the cider is manifest, I hr cader 
frequently takes a brownisli or blackish tint ; it is said to “ draw **, 
This can be remedied by using tartaric acid or tannin, llir pro 
portion is about 30 grammes of tartaric acid or alHUit tu grammes 
of tannin per hectolitre of citler. This athlitiun is advantagcMUs as 
outside the question of ai)pearance the c:ifler is flat and wry dis>. 
agreeable to the palate*. 

When water containing salts cd iron is umsI in making ndrr, it 
takes a black tint by adding about .^o grammes of taiimn per 
100 litres of cider, the salts ed iron are firecipitaied in the form cd 
tannate of iron. 

When they have deposited the dear liciuor is decanted ail As 
for the acetic fermentation f)rovokecl to the cirtriirieni id the 
alcohol in the cider, by the presence of miciwlcntia aceli, if i% 
avoided by preventing all contact with the air, 11ns i% iUnw hy 
covering the cider with a film of good olive oil, orie^lurd of a litre 
per hectolitre of cider. 


('IIAPTICR XVI. 


WATKK IN BRI^WINCK 

I'llF, waltn* used in has a considerable influence on the 

(juality of the bec'r, its chemical composition and its bacteriological 
cemdition both entering into the ciucstion. 

Before building a brewery, the nature of the water at disposal 
sheudd therefore be taken into consideration. The purity of a 
water is no guarantee of the ciuality of the be,cr which it will pro- 
duce, and distilled water is far from beitig the type of a water 
suitable for brtaving. 

Nevertheless as a rule a water which has all the good (lualities 
of a ptJlable waiter is suitable for use in the brewery, as the sub- 
stances which are necessary in the productiem of a first-class beer 
can be addcfl to it, To begin witli, therefore, the water used 
should be cohnuiesH, (ulcnirless, insijiicl, and free from organic 
matters. 

In considering the mineral salts dissolved in water and their 
effects, we have noted that in the general run of ca.ses they are 
harmful Stune eT them, however, are useful in brewing, and 
impnwe the tjuality of the beer. 

Thus the gypsiferems waters of Hurton-on-Trent, which contain 
Ul grammes of sulphate of calcium [)er liectolitre, have led to the 
establishment of many breweries in this district, because the beer 
brewed with tliese waters has become workbrenowned. 

In brewing ale, the lutglish employ sulphate waters preferably, 
and many brewers correct their soft waters by adding a certain pro- 
portion of suljdtate tif calcium. It is very necessary to understand 
the effects of the salts which may be found in solution in water on 
the different processes of the brewery. 

As regards the production of beer, it is in three stages 

1. The artificial germination of the grain. 

2. The brewing process properly so called, 

3. Fermentation, 

The artificial germination or malting is a process of the highest 

(^63) 
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importance, a.s the quality of the beer obtaiiictl very larifuly 
pends upon the quality of the malt from which it is hrcnvctl. 

All things must be taken into con.sicU'ration in ortlrr t<) have the 
malt in the best possible condition, and the nature <if the water is 
an important factor in the matter. 

Malting is carried out in three .stages : " 

{a) Steeping the barley. 

(d) Germination to the desired extent. 

{c) Drying. 

In moistening the barley, just enough water is given it to allow 
the embryon to develo[), and to [jrepare it for s,«eh.uiru .ttion. 
The barley should be soaked sulliciently to avoid having to 
sprinkle the layers of grain in the malting hou*>c> 

When the grain is sprinkled in the malting house, as is doiif 
by many malt.ster.s, it lo.ses a certain .unount of aroma, an alum' 
dance of carbonic-acid gas is freed, and the germs ,ne tntduly 
developed. The grain should be steeped at a low trni(i<Tatin'r. 
and the water should be fretiuentl\‘ renewed .md sUuidii be uadi 
aerated. 

Water containing an insufncieiit amouiil of .nr asphyxiates the 
germ, kills it, and rot rai)idly .sets in. In the steeping protess, 
oxygen is therefore very useful. It slops the rot in an edit ,u ion-, 
fashion and obviates the necessity of using daitgeioiis iuiliseptiis. 
such as .salicylic acid. 'I'he bad odours which in.iy Ik* gi\ni oii by 
the steeping water in .summer should Iki remedied, t'ontuiier le 
commends lime as an antisefitic which will deal with tin's mns.niee 
When the grain is wetted with lime water instead ot onlinaiu 
water, the lime dc.stroy.s the ferment which would .u t ti|«m the 
barley, and consequently prevent any later damage. 

The lime does not interfere with the quality of the malt, .iml th»- 
germination proceeds regularly and rapitlly. We will mnv t on adei 
the influence of the salt.s and other matters fretpieml)- met uiih in 
water on brewery operations. 

I. Influence of the Substances Co.ntaineii in jiti- 

Water, 

(<?) Organic Matters, — ‘If the grain is sttx;jK?tl with watei 
charged with organic matter, the tendency to itmuhlineK*) i*t 
favoured, the malting is done defectively, and many troubles will 
arise in the course of the manufacture of the beer. 

In the brewing operation, the action of the yeast is often inter 
fered with by organic matter in the water which (misons it. When 
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the wort is boiled, if organic matter is present the beer takes a 
much deeper colour than when pure water is used. 

As a rule?, organic matter is harmful, as it sets up fermentations 
in the beer other than those which the brewer desires to obtain, 
and these lead to bad results. ICven in washing the casks and 
brewery utcmsils, it is necessary to use water free from organic 
inattt‘r, otlierwise tl\e organic matter and bacteria may adhere to 
tile casks or utensils and help to damage the beer. 

When water polluted with organic maltcr is heated, the matter 
i.s cleeoiufiosed, and the decomposition i)roducts spoil the keeping 
tlualities of the beer and completely change its taste. Sometimes 
even the sintdl of rotten eggs due to the formation of sulphuretted 
hydrogen may bt' noted in a water containing decomposed organic 
matter. This may generally he remedied by thoroughly aerating 
the water. 

Unftudunatel}' tht? Wtiter of streams and canals i.s invariably 
polluted by the organic substances carried clown the current 
or from the residuary waters they receive. It is difficult to find 
a water entirely free from them, but, for brewing, water containing 
merely a small (luantity of organic matter may be used. A water 
which contains more than 50 milligrammes of organic matter per 
litre must lie looked upon as impure. 

If the only source of .sui)])ly is a water which contains much 
tjrganic matter it must undergo a preliminary treatment by boil- 
ing or purifying it with permanganate of [K)tassium and filtering. 
Permanganate of lime in the (iroportion of i gramme' per luxtolitre 
also gives good results. 'The organic matter is oxidised and lime 
and oxide of manganese are formed. 

.\nother metliod rctannmeiultKl by Traute consists in treating 
the water with chloritle of lime and eliminating tlie excc.ss of this 
reagent with an alkalitje sulphite. 

Another method of proceeding is to retain the organic matter 
and the greater part of the germs in a simple filter consisting of a 
layer of sand ahcuit i metre thick. 

At MuinVh, where excellent beer is brewed, the water u.sed is 
not completely freed from organic matter, and it contains about 
4 milligrammes pttr litre. The same may be said of other brew- 
ing centres. Tin* organic matters in the water can be transformed 
intc» cornfiounds of nitrogen with hydrogen and oxygen, such as 
the ammoniacal salts, the nitrites and nitrates, and produce dis- 
astrous elTects on the beer. 

(fi) Ammonia, Nitrites and Nitrates, --Ammoniacal compounds 
are formed by the decomposition of the organic matter in water. 
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Nitrites and nitrates result rnun the exiclaticju nu>re nr less 
complete of this or^^anic mattcM*. These sails lavnur tlu^ ilrvehip 
ment of the Renard ferment, which is a disease nf tiu* lKHn\ sptnlinij 
its keeping ciualitics, 

The water supply of a brewery must 1 h' eniuplricly ftes^ fruiu 
ammoniacal salts, and their presence is delecletl liv XesNler’^i. re 
a^'cnt. It is difficult to eliminate these* ainmnniaCril saltN in 
practice, and it is therefore advisable in rejec t ,ill \vatt*r ttnit.un 
ing them, and the same a[)|)lies to that ecmtaiiimu nttolf'H tn 
solution. 

The nitrites are easily oxidisalde htcdieN, and this nxidatinu is 
capable of causing trouble in the actual pruit*sN of hiewinip I hi* 
decomposition of the nitrites may take place a** the tiueiei|tirnec‘ 
of reactions either during the malting or during the In tiling, n! tin' 
wort. 

The easy oxidation of the nitrite's, however, inakr*^ it a siinph' 
matter to eliminate them, or rather to transfnrin tliein intn «4her 
bodies, and from this it is i^vident that *1 watf'r t tmlaining intnit's 
is aerated and generally contains organic' matter. 

By forcing the water through the air or making an ailiiicial 
waterfall or l)y hubbliug air througji the thr nituir % air 

quickly transformed into nitrates, d'his litUiHfurmaliom li*n%rvf*r, 
only substitutes one product for auoiluT, and tin niirale*4 «»liLiinod 
are frequently just as harmful bodit's. Alnneg al! wain loniaisi'. 
nitrates, and their action is in proportion to tin' qtiaiililv ihr wain 
holds in solution. 

They have an effect on the yeast, inlc'rh'ong willi tin* pro* r . , 
of fermentation, d'he wort in their presence takes an snic n .r 
reddish colour, and the beer acquires an an id ta^tr 1 hr niiiaio'* 
also cause a decreased yield of extract, lliey may folnah d lo 
the extent of 15 niilhgrarnines of nitric at id pei litre of water 

The nitrates are particularly harmful when the water n^ttiAws 
at the same time .small quantities of anmioniat-a! iiilriie*Mi 
organic matters, as they arc then in the best condition |o prod in e 
dangerous reactions. 

A water containing 2 per cent, of nitrate of soda or poladi doe^ 
not diminish the germinative power of the Ixiriey gram, I Iuh e* 
A. Bruttiniks opinion, and Mills and Pettigrenv evm iImi it 
assists it. 

{c) Chlorides. --"-When a water contains Htnall qiiantiiir^ of 
chloride of sodium, it may be umxl, but if ilte profMirtioii rrLi^ 
lively large, it must be rejected, as the germiniititifi <if ibe grain 
will be interfered with. 


WATKR IN JR<EWIN(;. 


167 I 

Water containing' about 2 per cent of chloride of sodium, when 
msed in malting, stops the development of the radicles and aids the ■; : 

geim of tile plant to expand. Cldoride of magnesium in the water '■ ! 

has the same eilect, and as a matter of fact the chlorides in general 
Water chargtui with sea salt dissolves a much greater proportion 
•of organic mattca* than distilled watt'i*, or a hard water, as the salt 
lias a st)lvc*nt action on alhiimcn*. 

A good water to he absolutely jiotable should not contain more 
than (ro5 gr. of chlorine per litre, but in brewing a larger (|uantity 
is not (letriinental. According to the proportion of sea salt in 
solution in the wa.tt‘r the beer actpiires a taste which is sometimes 
sweet and siunetimes liitter ; the sweet taste is produced by very 
minute (juantilies. The action of the yeast is weakened by sea 
salt, 

I lu‘ yield of the yeast is diminished when the water is charged 
with chloride of calcium. It liecoines fat, and there is a difficulty 
ill prt'ssing it. 

According to V. l\Hit waters containing chloride of calcium 
increase tin* inalto-cU'xtrines or combinations of maltose, and may 
he used in breweries to produce beers rich in dextrine. According 
ttj the experience of J. Stauffer, when a brewery water contains 
fhlu'iflcH no zinc apparatus .should lie used. 

C'lilorine easily comliines with the /.inc, and during the principal 
fermentation cjinverls the maltose into mannite. The beer in this 
case has a vt*ry tlisagreealile taste, and fines very slowly. To avoid 
this, zinc should be re[)laced by tin idates. 

I'ur the same reason the zinc must he re[)laced in all parts of 
the boiler, as tlu* steam very trisily carries away with it the com- 
pounds of t'hlorine, sucli as hydrochloric acid arising from the 
dccom|>ositio[i of the chltiHde of magnesium, aiul tliese will affect 
the zinc. 'l*his steam in condensing may find its way into the 
wort, taking with it chi Title of zinc, which is a Itarinful compound 

i#/l Salts of IroHi Irim, which is found evciywlnere, is contained 
in waters in variable proportions. 

W’htm a wdter ctuitains a small tiuantity only, it may be used in 
brewing, but it very [ireferable that it should contain no iron at 
all, as t\m oxide of iron forms an imsoluble compound with the 
<liastase which interferes with the manufacture of the beer. 

In malting, tlu^ barley is coloured brown by iron salts. 

lieer brewed with ferruginous waters usually take.s a greeni,sh 
colour, which is the result of the formation of a black tannate of 
iron, the ccjlour of which combine.s with that of the beer itself. 

Moreover, ferruginous waters may give the beer a bad odour and 
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taste. The iron may be eliminated by aeraliiiL' the water thortiujihlv' 
This can be done by causitiff it lo fall in a easeatle i»( some yards in 
height, and filtering it through .sand, to retain the pret ipitated (eiric 
compounds. 

By precipitating the -soluble .salts of iron as hydrated oxide o| 
iron and -separating mechanically the precipitate obtaiti<-d. the iron 
may be eliminated, and ap|)aratu.s has been construetetl lor this 
purpose. 

At the In.stitutc of Fermentation of Bei lin, i F'.sierr’s process is 
used. This consists in bubbling air through the water .ind tiUering 
through gravel, '['he water to be purified is tin'i ed in a tine sprav 



by two pumps, and the iron it contains is thus oxhlised It thru 
goe.s through layers of gravel 30 centimetri’s in ihiehnesH arranged 
on brass .sieves. On leaving the filter the piirifietl water !■> nun into 
a special re.servoir. The system of H. von der l.inde and lie.-* <•! 
complete separation of the iron from the water has given rx»* Ueiit 
results in the brewery of Schultheisz ami UesHaux. as ^hown in, 
1890 in the Zeitschrijt fiir Spiriius Imiustrk. 

In this proces.s the iron i.s oxidised not by attnospheric inthteiH t s. 
a.s the water to be purified does not come into any rontact with thr 
exterior air, but by oxide of tin spread over large surfaces of Hhavii4> 
of wood. The apparatu.s is compostnl of an irott filter, J’*, metres 
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big'll and i] hioad. At the base of this is a layer of small pebbles 
on a sheet o( copper suj)[)ortecl by an iron grid. This layer of 
pebbles is about lo centimetres deep, and the rest ()f the filter con- 
tains wootl shavings over which the oxide of tin is spread. The 
wood shavings are kept in place by an iron grid and a .sheet of copper 
in the higher |Kut of the filter. 

d'he water to he purified is forced into the iipi)cr part of the filter 
by a pump \\ following the direction (/, and the oxidation is pro- 
dueetl by (he oxides of tin. I he water traverses the layer of woo I 
shavings and al)an(lonH its precipitated iron in passing through the 
pebbles. 

water freed from iron and filtered mounts by the tube/ into 
tlu* pure? water reservoir R, 'fhe shavings can be clcfined very 
easily by running tlte pure water intf> the filter by the pipe /, All 
sedimentary lualters are then {lushed out at / and are evacuated by 
the tube at tf, I he filter may also he cleaned by forcing in air and 
steam In* the injectc»r I. 

‘The air and steam are injected at the .same time and the opera- 
tion is rt^peated, then pure water is run through the filter for a few 
minutes. 

In this way the filter is cleansed very rapidly atid thoroughly. 

if\} Lead, Water containing lead must on no account be used. 

11 m presemee of lead in water may result from the action of 
salts and gasc*s on Usiden pipes, in which the water has remained 
too king. A little sulphuretted hydrogen is sufiicient to detect tlie 
presence of Icsid by precipitatitig black sulphide of lead. 

Fins jirecipitnte is transformed into white .suli)hate of lead by 
adding pertjxide uf hydrogen. 

if) Carbonate of Calcium and Carbonate of Magnesium. -In 
brewing, the preliminary examination of water from the point of 
view of its hardness is of capital importance. By the hardness of 
a vvau*r we understand a greater or less pro{)Drtion of the salts of 
lime and of magnesia which it cantains. 

It is IngtiT f<»r brinvery [Hir[)OHeH that the water should have a 
certain amount te' hardness, A water of from 10 to 35 hydrotimetric 
dc*grres, diat is to say containing crio to 0-35 of salts of the alkaline 
earths per litre, is excellent. In malting, if the water is too soft, it 
diHHolves loo mucli of the uneful substances, and if it is too hard, 
the ojieriUion is retardeil. 

Waters containing carlKmate of calcium in excess give the wort 
an intense red colour, acting on the malt and especially on the hops, 
and preventing 11 regyUif fermentation. 

Carbinate of magnesium reduces the activity of the diastase„ 
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'diminishes the proportion of maltose and of extrat't, and tm the 
other hand increases the proportion of the nitio»»i*nuus b{>dit*H and 
tlie hop resin. The beer in this case takes a tlaik tuluui ainl an 
acrid taste. It is very difliciilt to keep beer when it has hmi 
brewed with water too rich in carbonalt*s. As a inattcn nl iat i 
beer owes its keeping [)ropertit;s to its aeidilv'. which in tins ease 
is neutralised by the carhonatt's. 

The peptones and amides, bodies which are asauniahlr by the 
yeastj and result from the nilrogtnious matteis m die inah, ate 
poorly produced if the wort has not an m'it! r<*acfiun. In this 
■case the albuminoid bodies which remain in the wort are lianiihd 
to the keepiniJ qualities of the beer. 

Phosphoric acid, whicli is an important footl Im the yeast, is 
neutralised by the carbonate of lime in the water, and preeipiiates 
in the form of insoluble phosphate of lime. In tlie same way with 
ammonia, which arises during the fermentatimu it Inrins ilu* dutdilc^ 
phosphate of ammonia and magnesia. 

The harder the water, the smaller are tlie prtjpurtions plins 
phoric acid and nitrogen. Very liarcl waters givc^ the hi^er a InlUT 
and disagreeable taste. 

The water can be freed lieforc use fnan its Huluhlr < arlHinalc' n| 
calcium by boiling, as we have shown in tlu* t:haprer relaiafy,^ Im iIh* 
treatment of waters by steam, and the apparatiiH there ih-a iibed 
may be advantageously ust‘d in the iirewer>‘. 

The carbonate of calcium may also be got rid *4 bv prrt tfiilal 
ing it with milk of lime and decanting or hllering it. 

As we have remarked, a small i|iuuUity of earbonatr t ab imii 
is far from being harmful. On the other liantl, we fi.ur srm that 
waters that contain it to a moderate eKtent are advant4;:c'om.. 
They have a less solvent action than soft water, bhry irnid.itr 
the fermentation, facilitate* clanTication. and give 
qualities to the beer. 

In some breweries sugar is used in brewing to jnirify the wtiri 
and to clarify the beer, but where the water contaiiiH a iirtiabk^ piu 
portion of carbonate of calcium the x\sv of sugar utme^ievnary. 
Thus at Canterbury and in some other Mnglislt towm-n hm -iugar 
used with the calcareous water employed. 

When the carbonic acid which kee?ps the carbsnair of ealriiiiii 
in solution is freed by heat, the iirecipitalecl airla wale tarries 
with it the albumen of the wort, and renders usrleHs any atldiiion «»f 
sugar. 

Of) Sulphate of Calolum and Sulphate of Magntslum* The 
waters containing a notable quantity of ?iiilphale cif 
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(liiniuish llu* c‘xtract of inalt without lowering the proportion of 
phoHpluitos juul nitrogenous matters. Plenty of ainyloin forms 
and the been* aapiires an acrid taste. 

C oinparcul io soft waters, waters containing sulphate of 
calcium arc* tnuch to Ik* preftnavd. The sulphate waters have a 
gnsit advantage over those containing carl:)t)natc of calcium in 
scjlntion because the sulphate does not precij)itate so easily as the 
caii)onaU\ 

VV‘hen tiu' water contains a small proportion of sulphate, it 
neutralises iu an insensible manner the acidity of the wort and of 
tlu» beer, and the ft^rmation of the amides and peptones is facilitated 
during tlu* l)rt‘wing. 

If tilt* vvtu’t is boiled with sutdt water, the albuminoid bodies 
easilj* t:oagulale, and the beer l\et*ps well. As for the precipitation 
of the j>hosphoric acid (if the wort, it is almost the same as with 
distilled water. 

Morrit/ and Morris nu'ult' somt^ ex[)eriments with three samples 
of water: 

I . I )istilletl water. 

\\*at{*r containing 0712 gr. sulphate of calcium per litre. 

I \Vatt*r ctintaiuing 1*427 gr. suli>hate of calcium per litre. 

l*lu* iluantities uf plu)sphoric acid winch remain in 100 gr. of 
wort were* 0*129 gr., 0*104 gr. and 0*089 gr. 'Fhese figure.s show 
that the ycMsi is wvW fed whtm a sulphate water is u.scd. Beers 
made uith nulpliatc' waters have* incontestable advantages over the 
nihcMs, rhe\‘ taste ami keep mucli better. The proportion of hop 
resin dissolveil is less ami the colour of the Ihxu* is paler. 

W ith tlu*sr* waters tlte c cdl feunmtion of the yeast is much more 
vigorous than with s(jit walta. loir all these reasons the English 
brewcaie^ have ai fpiired a workbwide reputation for their beer made 
with tlie natural sulptnitr waters of certain districts. 

riie brmveries whic*h have !io natural suli)hate water at their 
di.po.a! add gypsum tt» lluar sufjply. in a larger or smaller pro- 
portion aourfling to the* nature of the hc*er wdiich they wish to 
profluce Altltough in making ale a sulphate water is preferable, 
r«»r |a»rter or stout scTt waiters art* tht* best, 

Sulphatt* waten’s should In* used in preference in i)reparing pale 
a!c“s, and soli water in brewing dark coloured beers. 

2 SitMK KxUKKIMKNTS AND RKsPLT.S, 

Stauffer has shown that the waters qualified as hard contain 
more than iH parts of lime and miignesia salts in ioo,oco parts of 
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water, that is to .say i8" of hardness, a.id that the walnr of vnri.ms 
breweries which are very soft give excellent beers t.l eerl.nn clescni.- 

The following table shows the number of parts ul the salts til 
lime and of magnesia in too.aoo i)arts of water : • 


Pilsen lirewery (limited company) 

Pilsen (old brewery) . 

Filsen (new brewery) 

Anjsbach water IV. 

Tnttlingen water 
DuRseldorf water 
Ansbach water U. 

Augsburg water 
Cologne water . 

Ansbach water III, 

G6ggingen Brewery 
Mayence water , 

Munich water (Lion Brewery) 11. 

,, (Royal Brewery) I. 

,, (Lion Brewery) I. 

,, (Royal Brewery) II. 

Kalten hausen water . 

Klein Schweehat (Vienna) water 
Munich (Spaten Brewery) water 
Anabach water I. 

According to this, a gutul watt 


tj fm 
tUT|U 
I i‘/i» 
tJ 

iru 

I .J ‘ n e? 

Ui'Hi 

M 

% 

^ I 
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•r for iiJiilting in.iy bavn frmu 
10° to 25“ of hardness, without having any hnrmliil rlfi t t ,in tin- 
quality of the malt, if the nature of the water is taken into atmunt 
and the conditions of steei)ing the grain me varied at i ordinal,'' 

The .steeping takes a longer time with hard water than with 
distilled water. Higher temperatures than ty f. make the nK-ra 
tion too rapid, and with lower teinfKTaturcs the coiitraiy etfet i h 
produced. 

According to Ullik’s experiments stilt waters extraet inoie 
mineral and organic substances from the grain tinting steejuni* 
than hard waters. 

As regards the albumintiid matters, the pro|Miittou extriwtrtl 
by hard waters i.s larger than by soft waters ; with regarti to tin- 
hydrates of carbon .soft waler.s extract the tnosl. 

Dr. Hannainann has made several exjKjrimeiits »in waters of 
various compo.sitions with the object of determining the at tion »if 
the salts in solution in the .steeping water on the genninaiive jKivtcr 
of the grain, with the following results:— 
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Ihirftiloii of 

PercBniage of grains. 


Str-e|»inf; wali-r wntt 
i^dtlctd (Cl it. 




Disaggregation 
and quality of 

idtsKpittg; ill 

Thorough 



lunirs. 

Weak 

Failure. 

the fresh imalt. 



gurminfUiovi, 

gerininatiou. 

1 JiHltlled vvatei 

Well water . . 

Solution of chloride of i^odtuin 

.IH 

72 

75 

22 

21 

6 

4 

Very good 

n 

per cent. 

Solution of chloride of calcium 

HK) 

SH 

27 

15 

Unequal 

0*5 pet cent. . , 

Solution of Hulphate of cal* 

9 h 

Ko 

18 

2 

Equal 

cioin 0'^ pet cetU, 

Solution oi t*hili MaUpetre 

hf 

70 

26 

4 

Good 

o*^ per cent. 

Htthuion of plioHphate of pot 

100 

bo 

22 

iB 

Unequal 

ash u per cent, 

Waiet coniaimng oiganit: 

79 

bf> 

at 


Unequal 

matter . . , . 

74 

Ho 

15 

5 

Very good 


(f B, kttHtlrnmi \ms collecU'tl stjinc valuable notes on the action 
exercised au beer by saline solutit^ns. He has contributed these to 
the /iw/wr/Z a/ Ml* SaaV(v rf/ Chemhtl IndHstty (30th April, 1894). 
rheM* notes refer to 13 solutions : ■ 


UinldtrU 

nt?»nl!ra u dtn wuh Uip adduifin tji 70^15 gr. per hecioHtre carbonate of calcium. 

chloride of calcium, 
aulphate of calcium, 
carbonate of inagneBium. 
cliloridc of magnesium. 
Hulphatc of magnesium, 
chlcjride of Bodium. 
carbonate of nadium. 
nitrate of potasHium. 


%, 

4. 

b 

ri. 

t ' 

M*. 

It. \V 4 irr ihr vMtnponuion ol Murton water, 

14 . b'dininugh W 4 lri. 

% p Ih'HsIlrd w4irf ^.Miis^niing gf per hectolitre of sulphate of poiaaaium. 


S«»lnli«in No. ii, td the 


same com|)osition as Burton water, con- 
r iin[>crial gallttn : — * 


Itiiried the follinvirijg salts im 

Snlphalet^fcakiuin , 

Citrltonaie ol 1:4k' nsm 
C^flnwrtte «»!' magnrt^ntnii » 

Hwiphale of 
Hulpliate . 

Chioinle of . 

The griuti** etl«al 0 ' 0 f"M 7 imperial gallon is 4-543 

litres. The .irjatysis of beers obtained with these saline solutions, 
which we will imlicate by their corresfwnding number, gave the 
following results. 


Ciralnti. 

9*«4 

5-88 

0*96 

X 3 ‘ 3 « 

9*12 

1*12 
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With all solutions saccharification was completely ter- 

uiinfiled in an hour, with the exception of the experiments made 
with the carbonates of sodium and of magnesium. In the case of 
the carbonate: of lna|.pu^siunl solution prepared with distilled water 
saccltarificalion took two hours; with carbonate of sodium it was 
not finislu'd at the c\u\ of this time. Worts prepared with waters 
containin^t carbtmalc* of sodium always have a reddish tint 

d’ht* expc'i'iiiu'nts of Windisdi show that a trace of carbonate or 
ofsulplialc’ of sodium in solution in the [>resence of carbonate of 
lime is sulhcimU to 14'ive a much more noticeable coloration than 
with carl»onale ofsntliitn^ aluiut, about 15 |j[rammcs per hectolitre of 
which are rtn|uiriHl iti produce an apparent coloration. All the 
saline stdutiims pre-pared hy Readiuan ^pve clear worts, with the 
exceplioti of thtise made with the carbonates of ma^jnesium and of 
soclium. 

'Flu* order the* coluratiem of the beers obtained may be 
arranged as follows, aeccjoline to their corresjjondin^ numbers 

I M 7 ** ^ 5 y 

h*rom ihe point of view of odour, flavniur and keeping ciualitics, 
the Ihhts have Uu^ (ullowing characters ; ^ 

Nm. o t l«r otlmu rjf Uir Ikti Vi biU the ihivuur hickn character. 

Nh. I hr lii-ar In vriv hiiirs atul fiqu.mt. with a rough afteraante ; Uie odour ia 
t.ahrji 

Xm. t. I lir *«hn}f o nM{t .iiu! agfrrahlr. and thr liavour perfect. 

Nn, A piur* Unisug !»rrj. 

Nt». '«• X»*l l4"4rti. 

Xm, f» lVosl} 4 « ntHiuit, and lailirr iiiiphseaut, 

Xm. j . Mrdjiiiial hiii 4M agirtsilde tnlmir. 

Xm s, l*rM|,prr4Mr Mduis? 4»id i4«ae, Ain\ very unctear beer. 

Xn. «j- An thr hrri h^n h"tH»rturd tfoperlrcUv, it ban a weak uopleaiant tante. 

Xm, im. i abir siibust ,;4sal Ufsplra-iatU tante, 

X«i. 8C Ai^H'riitdr 4r*!fssi4, piur Craiug brrf. 

Xm 14. A S4ihri iitipdra-xom 

Xi», I but ^alhri! Uckmg Unlr, 

Ah ri'i'.inls iltr fliinitiulitm tif «!cnsily, the beers may be arranged 

as fulltnvs : 
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Nos. 


SubHtancat. 


4 Sulphate of calcium . 

6 Chloride of magncaium 

1 ; DiatUled water . 

5 I Carbonate of magnesium 

11 i Burton water , 

2 i Carbonate of calcium 

7 I Sulphate of magnesium 

3 ; Chloride of calcium . 

I 

9 i Carbonate ol sodium . 

12 Edinburgh water 

8 Chloride of sodium . 

13 Sulphate of potassium 
10 Nitrate of potassium . 


iH I-. 

1*'. 

1 

wrtijiu. 

1 

l*«»U 

|7*«i 

|H-' 1', 

F. 



l ’HI i 


P. 

F- 


I 

t ** » 1 4 


' l“. 

' F' . 

K ‘HOtl 

1 'M 4 1 

F»‘“ 

' P. 

y*" F, 


{ ’irfHl 

1 Mifl 

II -u 

jv- p. 

"1 ■ F 


t 

■\r% 

ri • I*. 

:-i- F. 


1 

1 ’'Miff . 

44m 

V. 

Ti ' F> 


1 


4 r « t 

- r. 

n‘F. . 



t'Ml^ 


fi 

s ' 


t -M-i.! 

1 "Ml 


P 

n - F 


1 "M'iif* 

1 -mI.h 


1''- 

F 


1 

1 

1 'U 

■ i', 

.■tK' 1 




4 I'u 


Ranging them in order, the nuinhered ilir reailn 

shown in the following table : 


No. 



1 


4 

Sulphate of calcium . 

» « 


. . . : 1 ‘Ml Si| 

4 -I 4 H 

II 

Burton water 



. * . ' rMi 47 


6 

Chloride of magueiiium 

, j 



1 

1 

Distilled water . 




i 

7 

Sulphate of magnesium 



. . . 

lit 

5 

Carbonate of magnesium 



, » , , Not drlrsostonl 

■1 Ml 

3 

Chloride of calcium . 



. . , ^ 1 'MlfS-l 

1 sM 

2 

Carbonate of calcium 



. , , ' S 

I'^in 

.8 

Chloride of sodium . 



> t . 

1 t-ill 

12 

Edinburgh water 

« « 


• . . ; 8 'Ml flKj 

1 

9 

Carbonate of sodium . 

• » 


. * . 1 N<«l drtrfnimird 

r? 1 

13 

Sulphate of potassium 

* « 


. * , ■ 1 ’«MS 1 

1 ' ? 1 

10 

Nitrate of potassium ♦ 

• k 


• . . i rMHt |7 

1 Mi 


Not only the mineral ant! organic matters may Ik- h.tffnf'ti! in 
the manufacture of beer, but also inicnw>rgimisins wauainctl in thr 
water may lead to bad results. In their presence the law aaniin-* 
•a disagreeable taste, and undergoes changes which ileieriur.ar its 
keeping properties. The finst prc?eaution to t.’ike in the brewery 
'is to use absolutely clean and limpid water, anti to scour intist 
thoroughly all vats, pumps, casks, and the different utensils iiswl. 

All waters contain bacteria in a larger or smaller prt»|iortion, 
(but if no more than 150 microbes to the cubic centimetre are 


i 


i 


j 





WATER IN BREWING. 


177 


found in tlicin they may be used in brewin^^ if no other water is 
available. 

I lu' water containini^ the least [)Ossible number of bacteria should 
he souitht foG and any clear water that on beinj^ allowed to settle 
(or a few days turns turbid should be rejected, as it proves that it 
is [)olliitt*d with micro«-or^uinism.s it\ a ^ood medium for culture, and 
that a etinstaiit rt‘[)r()cliu:ti()n is Roin^ oik Not all bacteria occasion 
accidiMits in llu' mamdacturc of beer ; the acetic ferment, viycoderuui 
tttrii, may live* in tlie wort without harming it. 

I .actir arid, pnKlucccI by the lactic femnent, usually diminishes 

the activity rd the' yeast. A strict control should be exercised on 
the purity cd llu* yeast, as the sure and refj^ular process of the brew- 
ing deptmds upon the rt'gularlty of its development and the absence 
of fermenis harmful ta the yeast, which are freciuently contributed 
by tin* watiT. In particular water containing a superior order of 
bai:tt*ria, Xv/Zw/b////, which rttsembles seaweed, must be 

av7»ided. ‘Hits l)at*leria is met with in stagnant waters polluted 
with org.mir m.Ulc'is. 

‘Hu* prtJgrt^sH ii( the science of bacteriology allows us to make 
an atlrnlivt' examination of the way in which the bacteria behave 
in the wml ami in tin* beer, and consetjuently to know whether they 
ilevelop in the wen t «a ^cdely in the beer, or in both. 

1‘he dt'vcdopmeut, rapidity of reproduction, and nature of the 
bacteria slunild Ik* studied, anti tliey sluaild be counted in a given 
Vidutne of liquor. After tin’s, llu? effects of their presence should be 
noted, that ts tc* -.ay iht* aciitm they exercise on the wort and beer 
and tlusr inthimce uu its taste, odour, brightness, and keeping 
qualities 

It is in the wui t that the bacteria find their In'st breeding ground, 
ami tnuliiply inu4 rapidly, hut according to Hansen the major part 
«d hactrna tMiind in water cease to devdoj) when the yeast is 
at l« let I lo llu" Wfirt, 

tnipnre waters aUii! ices made fnan them often contain a bacteria 
wltich is vi^iy iir<nving, sanine often known as I*edio- 

Mtus Tlii-* mi« rolH* is extremely small, of much inferior 

dimenHi*ae. it* ihr^v of the yea%t.and shows itself in isolated points, 
itH'CMs, at m doiihir jwiinlH, These turn the beer turbid, 

give St att acrid ta-4r. and make it acid. 

II muHi Itv rememlH'ftsi that not only the water, but the air is 
|.Hillutrd with fihcrci rirgatUMtiH, cs|>i*cially when breweries are in the 
mn’ghlsNinrhoiMl of farms where riumure heaps are exposed. The 
Hiircine dcvrliips mo^t in the l>eers which have lost most weight, 
Accairdiiig to fL Vogel, it may l>c remedied by adding two or 
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three litres of new barm to every ten hectolitres of beer, and this 
addition should be made just before bmiifinjjf the casks. 

In bitter beers, the development of the .sarcine can 1 m? renu'died 
within a certain limit by adding 30 grammes or so of hops pet- 
hectolitre, the hop acting as an antiseptic as regards stircine. VVtUers 
containing the fungoid growth known as alba usu;illy give 

off the characteristic odour of sulphuretted hydrogen, 'ritey art- 
then unfit for brewery pur[M).ses, It is indispensable, therefore, to 
have a water free not only from organic matter but froin inicro 
organisms, and this must be done by a tlu>rt)ugh prelitninary filter 
ing, or better still by complete sterilisation. 



CHAPTER XVII. 


WATRK IN DISTILLING. 

VVatkk play.s an important part in the distillery* The working of 
the malt may he completely spoilt by the nature of the water. This 
happens when the water is polluted with organic matters, which 
provoke a |nttricl fermentation of the grains, and make them unfit 
r<jr malting. 

The sulphuretted hydrogen has an altogether harmful action, 
and sometimes, without its presence in the water being revealed 
before sUn^ping, it shows itself afterwards, in con.sequence of the 
reduction of the sulphates, sulphate of calcium in particular, by the 
organic mailers luuicr the influences of temperature and pressure. 
The salts of irtJU have also a harmful effect, inasmuch as they retard 
germination. 

In the ijrevioiis chapter the effects [)roduced by the water in 
malting, according to its nature and cam|)0.sition, or in other words, 
acconling to the bodie.s it contains, have been examined, and the 
remarks made thereupon apjdy ecjually to the preparation of the 
malt in the distillery. 

It must l>e noted that the malt for distilling, contrary to that 
for lircnving, must be very rich in diastase and, consequently, the 
germ has in lie developetl to a greater extent. As a rule, it is allowed 
to grow to the length of the grain. According to Kusserow, when 
tin’s is done the malt gives a wort, ricli in soluble phosphate, which 
is excellent food for the yeast, and greatly increases its vigour. 

It is evident from this that the effect.s produced in malting for 
brewing are am(jlificd in the distillery, and therefore the composi- 
tion of the water should be very attentively examined. Oxide of 
iron lessens the activity of the diastase of the malt by forming an 
insoluble compound with it, and carbonate of magnesium is also 
harmful to the amylase. 

The varietl germs, lactic, butyric and other ferments, introduced 
by the malt, interfere considerably with fermentation, to the detri- 
ment of the yield in alcohol and of the rapidity of the work. The 

(m) 
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reproduction of the yeast-cells beconics slower iti tiu* ()resenr<» «»f 
acetic and lactic acids, this latter considerably slackens the activily 
of the yeast in its alcoholic action. 

In the acid proces.s, although hydrochloric acitl acts as an anti- 
septic with regard to certain harmful ferments, water containing 
them should not be used. 

The reproduction of the yeast-cells is slackened by the presence 
of chloride of calcium in the water, and sea salt acts in tiu* same \va\‘. 
When they arc in suflicicnt proporliott the sails tif eojjper prc*vent 
the reproduction of the yeast. Sometimes c'ven the pre^senee of 
copper in the wort is detected, altluaigh tlie water use*! dtH'S iitU 
contain it. This arise.s from the attack of tlie acid on tlu^ tijjiprr 
basins, in which case the metallic salt enters into stiluiion. io 
prevent this some makers line tlie stills with tin. Very sigoroun 
yeast is obtained with sulphate waters. 

In the aseptic process witli /Iwr/am/iYs AVwr//. vvluiJi we our 
to the researches of Dr. Calmette, Director of the Ptistrur Institute* 
at Lille, followed up by the work of (’ollette, lioitlin and .Mniisain. 
the operation is carried out in as neutral a medium a^^ jiossihle, 
that the diastase of tlie a/zif/ou/ym' can exerciM* its sarc liar if^'niUN 
influence to the greatest possible extent. Thih process u|H‘ns out 
a new era, and is an example of the applicaiiou of a ientifk dc* 
covery to practical purpo.ses. 

A very advantageous modification of the pna^esn ufiich %\v 
owe to Mousain and boidin, substituters Ae//, Inr ihr 

Aviyiomyces Roiixii, and witli this the? aci«lity varie.. a^ a }ult\ 
between 0*3 gr, and cr4 gr, (ler litre of wort uhc*ii the \ai i ^ 
closed ; and according as the water contains a gnuiter or |iro 
portion of the salts of lime or magnesia the dtric* of hvdioi filurn 
and sulphuric acids to be added has in he inereaM*d. 

For a vat holding I,n2 heeltditres, cliargeii with uumt kilo 
grammes of grain.s, forming a volume of about pcxio hrit«ilUir > oi 
wort, S litres of sulphuric acid and 15 kilogrammes u( h>c!rM. hlora 
acid are ustid with normal water, and aftcT passing with the uairr 
to the steriliser are all introduced into the vat. 

Some streams receive very alkaline residuary watrr^i from 
factories, as, for instance, the effluents ni paiMT milU, aial m 
neutralising this alkalinity a large (.|uantity of c«.irresfioridiiig m.hthy 
salts is formed, which may interfere with the m:tUm uf AV/V in Hie 
vat. It must be noted that is slackened in its iriy|ii|ilicalioii 
if the water contains salts of iron. In this case the saccharification 
of the starch by its diastase, analogous to the arnylam? of the malt, 
proceeds more slowly. The iron vessels are attacked by the iir^t 


pfjitions of acidified wort, with the consequent production of ferric 
salts, and this must be avoided as far as possible. Both in the prelim- 
inaiy work in the laboratory and in the application of the process on 
a commercial scale, tht^ wort cnfi[)loyed must be thoroughly sterilised. 

Ill the ytmfAw/nrx process an addition of 2 to 3 per cent, of 
malt is added to the vat, in order to solubilise a part of the starch, 
aucl facilitate the work of the Ao/f, which under these conditions 
•gives a 5 per rent, higher yield of alcohol than in the acid process, 
I lit! prt'puration of malt in the AfHf/oifjipres process necessitates 
the same precautions, and consequently the same troubles may arise 
as in any other malting in the daily work in the distillery. The 
.action of waters charged with calcic salt is very noticeable in the 
boiling of the grain which it hinders by forming combinations of 
the salts of tlu' alkaline earths. When the vats are refrigerated 
with water charged witli the salts of lime or magnesia, a deposit is 
formed un the side, which greatly retards the cooling of the vats, 
i his should he watched and the encrustation removed with hard 
brushes and, if necessary, it should be cleared away with a brush 
di[)ped into water slightly soured with hydrochloric acid. 

In distillatimi and rectification the water should contain a 
minimum of the salts of lime and magnesia, as in de[)ositing they 
intt*r(rre with the regularity of the cotiling process, and may occa- 
sion an irregular and unnatural [iroduct 

Ah regards the boilers, the defiosits therein, their efTects and the 
possible remerlies, this question has been gone into in the chapter re- 
liting to hniirrs, As Wtiter containing the salts of the alkaline earths 
gives a [imupitatr which makes alcohol turbid, the distillers fre([uently 
srdi distilled water with their alcohol ftir the purposes of dilution. The 
clistillcsl water sold by some distillers is unsuitable! for the jmrpo.sc. 
Water «iluaint‘fl from the condensed steam from the working 
p»irtH of engines nn\si especially be guarded again.st, as the steam 
often i arries off detamqioHed fatty matter, which gives a disagree- 
ablt^ flavour to alcohol diluted with this water. 

Idtis question of distilled water is of importance, but neverthe- 
less it is often neglected by the dealer, who frequently waters his 
spirits with walcT sold under the name of distilled water, but 
containing various bidies arising from the transformation of sub- 
stances originally coritaineti in the water. 

For instance, distilled water containing hydrochloric acid, 
ammonia or even chloride of ammonium, may be met with. The 
water pfcKluctsl by the sjKsdal still of Kgrot, which we will describe 
later in writing of the purity of water in analysis, may be used for 
watering down spirits. 


PART III. 

PRELIMINARy TRlCA'l'MENT AND AIM’ARA I'l’S. 

All chemical SLib-stancas capable of preventing the hatiiilul effect*, 
of salts in solution in water by eliminating them nr tr.ni*»rnrinin}; 
them into other bodies are .suitable fur purifyiiiR waters nti cemditum 
that they do not introduce into the water directly or indirectly utlier 
matters which may cause harmful action. 

Very frequently in obviating the elTeet of certain "ialls .t chemical 
substance is added to the water which certainly Jicts in this mannei 
but leads to the production of other boilies even more harmful fi onv 
the industrial point of view, It is therefore of the highest import- 
ance in the preliminary treatment of a water, to take into aca oimt 
not only the immediate action of the body added but all seeondar> 
i-eactions. 

The introduction into the water of a single salt lias often no 
harmful influence in a particular industry, Inn the ii'a* of several 
salts may lead to reaction.s which may cause trouble in the* jinH'es..es 
of the industry. It is these reactions which as a rule are unja'iceivnl 
and neglected which mu.st be foreseen mu! the csirrcct dediuli<»n i 
must be drawn from them. The composition of a water niay ciium- 
much trouble in its indu.strial use, and an attentive examinaiioo 
of the water forewarns the manufacturer and piuvides him with a 
means of preventing accidents. This examination, however, nniHt 
be thorough, as otherwise the chemical substanties employeil as 
remedies may have no real efficacy. 

In describing the chemical purification of feed water** in Utilers 
we have examined the use of many reagents, the oxides of the 
alkalies, and of the alkaline earths, such as suxla. jKitash and f«u>'ta. 
the carbonate.s of .sodium and of potassium, chloritle of birinm, arul 
aluminate of barium. These .salts may also be employeil in the 
preliminary chemical purification of waters for Industrial uses, and 
a large portion of what we have already said applies to this subject 
also. 

Nevertheless we will describe the employment of these salt*, 
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payinfj;: the most attention to those which, rightly or wrongly, have 
been sj)ccially recominciuled for this purpose. 

We will take to begin with the oxides of the metals of the 
alkaline earths, that is to say, lime, magnesia and baryta-, and then 
proceed to the alkaline' carbonates and the oxides of the alkalies. 

Nc^xt we will treat of the cjucstion of the prccij)itation of bodies 
in suspension in water. The importance of preliminary chemical 
purification has roused the inventive faculties of machine makers 
and many special apparatusc's have been put on the market to solve 
the problem of the purificHtion of water. Consequently we will 
examine the working of the ])rincipal types of these machines in 
a special dtapter. 

h'inally we shall examine the filtration of water and the methods 
of freeing it from tlu* precipitates obtained in purification by study- 
ing tlte most iuqKjrtant types of apparatuses for the purpose. 


CHAPTER XVIII. 

SUBvSTANCES UHED FOR I'RHI.IMINARY ClIKMICAl. IH'RIFIFAI lON. 

(r?) Purification by Lime. —Carbonic acid in c.'cccss liolih l arho- 
nate of calcium in .solution in the water, atid tm saturatinj', this 
carbonic acid with lime the precipitation of llu- neiUr.d earlKniate 
of calcium i.s brought about. Clark's inetluKl tiepends upon this 
principle. 

The principle is .still ap()lied, and sttme really atlvaiitagemis 
modifications have been grafted on it. 'I'lu* action of lime on car- 
bonate of calcium in .solution in water is shown in the htlhnvitig 
reaction : — 

CaCOi,C(L + Ca(()HL .2C:iCO, i 11,0. 

In the ca.He of a simple carbonate water, that is to say ht>l<iing 
carbonate of calcium in .solution alone, the carhntiate of litne is 
precipitated. In this case then it is siinieient to purify the w.iter 
in a reservoir or special apparatus. The preeipit.itiuu of the neutral 
carbonate of lime takes a long time if inerelj' eunugli lime for the 
purpose is added. 

To obtain a rapid sepuratit)n of the [irecipitale enough hint- is 
added to three-quarter.s of the water to (irmpitate the «;athon.iie 
in the whole of it, then after a thorough stirring the rest of the water 
is added. In thi.s way the preciin’tation is thorough, and takes caily 
about eight hours. 

This method of procedure has the advantage that considerable 
and unneces.sary quantities of lime are not intnxluced itjt»> the water- 
An excess of lime is often more troublcstime than the carb.nate of 
lime from which it has freed the water. Some mattufacturers use 
lime water and to facilitate the precipitation employ sjaxial appa- 
ratuses and devices which we shall have occasion to dc-arrilH- in 
another chapter. In these apparatu.ses a series of resiirvoirH serve 
for the addition of the reagent and to decant the purified liquirl. 
which is passed finally through filtering matters. 

This method, however, only elinainates the carbonates of the 

(184) 


StrilSTANCRS ITSKD 1<'()R CIIKMICAI- PURIFICATION. 185 

alkaliiio earths of calciiitn and of mafinesium. As for the other 
sohihle salts wliich are frciiuontly fniitul in waters, and which are 
tin? Houri’o of troithU; in the indiistrie.s, .such as the sulphates of 
calcium and of maRmcsiuin, and the chloride of calcium, they are 
not eliminated by lime. Therefore other bodies are employed with 
the lime in order to eliminate the sulphates of the alkaline earths. 

I'or this purpcjse the alkaline carbonates, caustic soda and 
potash, baryta, and the salts of barium, are employed, and the.se 
precipitate the sulphate of calcium in the water. The reagents or- 
dinarily used along with lime are caustic soda and potash, carbonate 
(if soda or of potash, and chloride of barium. 

t/n Purification with Caustic Soda or Potash and Lime Wc 

have seen that lime eliminates the carbonates of the alkaline earth 
by precipitation. Hy adding caustic soda or potash to the milk of 
lime, or lime water, the sulphatt;s of the alkiilitic earths, of calciiun 
or of magnesium, and the chloride of calcium, are eliminated ac- 
cording to the following reactions: — 

.tCatlt )_,(■(), t fa-SO, f ('aCL, P-tNaOM + Ca(0H)..«3CaC0, 
t .dl .O f (‘aS{Vt-(’aCb+-Na.,C()a. " 

.Soluble f.irbonale of soda is (mHluced, which reacts in its turn 
on the sulphates of calctuin i»r of magnesium and on the chloride 
of calcium : 

,!Na.( (),, ( C%iS{), f CaCI., • 2C11CO., + N'a,SC), + 2 NaCl. 
Finally, chloride of Hodinm and sulphate of sodium remain in 
solution in the water, and these arc not ordinarily harmful in 
industrial waters. 

The pnrific.ition of water with lime and caustic soda combined 
is therefore one of the fiest methods, as not only does it eliminate 
the haritdul salts but this is chine without the introduction of 
ilietJtical sidist. dices which lead to reactions productive of other 
substances It irnifu! to industrial processes, 

Si-veral makers of sjiecial apparatus such as Herenger and Stingl, 
(laillet and lluet. Uesriimaiix and Dervau.N, have therefore adopted 
this priK t;ss. and highly recommend it. It must be noted that the 
caustic soda and jiotash must fa- carefully quantified and that the 
(lurifietl water must have no trace of alkalinity as othcrwi.se its 
employment will lent! to accidents. 

I*'or instance, if there is an excess of lime, caustic soda or potash, 
any metal with which tire water comes in contact will be corroded, 
or if th«'re is merely an excess of lime the water will lead to a waste 
of wrap, ami of the chemical jmslucts employed in certain special 
industries. 
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(c) Purification by the Alkaline Carbonates and Lime. ^C'austic 
soda, instead of carbonate of soda, is sonietinics added to tht* lirru^ 
in purifying waters, as it is a less expensive salt. 

SonOetimes a manufacturer mixes together slaked lime and earbo» 
nate of sodium, talcing care to have an excess (if the former. In 
this case the lime is carbonated by the cMrhonaU* ol soda, hut 
a more rational method of obtaining the results of each of tlu*M* 
reagents, without subjecting them to inter-reaetion before* they an* 
brought into use, is to purify the water to begin with with tlu* lime 
and to precipitate the sulphates of the alkaline earths with the 
carbonate of soda afterwards in another reservoir. 

VVe may add that in mixing carbonate of socia and lime tlu* 
carbonate of lime is precipitated and caustic soda fonru^tl ; tlu* liquor 
may then be decanted, and caustic soda and hint* ohtaitu*d onl\” in 
solution, which may be used in purifying the water as in tlu* pje™ 
ceding case. Instead of caustic soda or earhonale of scida, * liUaidt* 
of barium may be used. In this case the sulphaieH of t ab juin and 
of magnesium are eliminated by the* chloride of Utrium and iUv 
carbcjiiates are precipitated with the lime. 

{d) Purification with Magnesia. h‘or some yrai?. magnesia* 
suggested by Bohlig, Meyne and cle Uersehau, has been nm< !i 
employed. This method depends U[)on the precipitation ol the 
bicarbonates of the alkaline earths by the magnesia, which Iran 
forms them into neutral carbonate witli the protluctioiud t arbonaO* 
of magnesia. 

Thus in the case of calcic bicarbonate we obtain : 

CaCOjjCXX^ T MgO CixCO,, f MgCT),. 

In the case of bicarbonate of magneHia the neutral carbmaie *4 
magnesium alone is formed i - 

MgCOjjCCX^ -E MgO 

Thi.s precipitation requires heat and takes |)liu*e at abnil 45"’ (X 

The neutral carbonate of magnesia thus formrcl reiuTn in iln 
turn on the sulphate of calcium in solution in ttie water* and pre»^ 
cipitates it in the state of neutral carbonate of calcium ; 

MgCOg 4“ CaSO^ » ChCT)^ + MgSC)^, 

It will be seen that in the purification with magnesia ifu* 
sulphate of lime is precipitated by the? formation e4 carlioiiair of 
magnesium, and that the sulphaie of inagne^^^ium rc^iuain*^ in 
solution in the water. 

We see, therefore, that the precipitation of the sulphate fif 
calcium is subordinated to the formation of carlK'iniilc of mag* 
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nesiuin, and PonstHiiuMitly there is a limit to this precipitation, 
vvhicli it in iu*tc*ssaiy to dt^terminc\ 1 he conditions under which 
this neutral carhenate of inap^ncsiuin is formed must therefore be 
cKainiiK'd. Sc'venil east's present tlunnselvcs according to the com- 
position of tlu' water. 

1, ddte water t'tmiain.s hiearbt)nale of lime and sul[)hate of 
lime. 

2 . *riu' water eontains hiearhonate of lime, bicarbonate of ma^^- 
ne'^iri, and sulphate of linu\ 

u In this first ease tlu' sulphate of lime is not completely pre- 
cipitated unh'SH it is in excess tjver the bicarbonate of calcium. 

According the rcsu'tion : - 

Ui DMrC) \ nCaC’O.CO. {n - i)C'aC().^ + - i) 

and the stnonclary leactitin: 

Ui I 1 M’aSOj - (// liCaCT), (;/ t)MgSO^ + 

(*aSC)j, 

it will Ik* sec'll lliat the precipitation is complete as regards the 
// I mobs ult's of calc ic bicarbonate, but that the molecules of 
sulphate* ol caliiuui are ctunpletely precipitated, and that a free 
rnolecaih* of sulphate of cab iuin still remains in the water. 

Xt»t ttiaipie^aa but c arbonate of magnesium must be added to 
precipitate* this rc'inaining sulphate of calcium: - 

C aSC), f MgC*C ), ' • MgSO, + CaCO^. 

VVe* will now t ab ailate lK*tween what limits the proportion of 
sulphate of t ab iuin should be in the water with relation to the 
hit arlwinate of t ab iuin. when magnesia alone is used to purify the 
water, wjUiout the nrcrssitv of using any other substance such as 
carlKuiate td magHesiuin to prrci(utatc the remaining .sulphate of 
calcium. As we have noirtl, a molecule of magnesia precipitates 
exactly one molecule «a neutral carbonate of magnesium, which in 
its turn precspitales a mttlecule of sul()hate of calcium. 

Ah it is a question lU equal moleculcH, we may calculate the 
molecular weiglti of sulphate of calcium and of carbonate of 
cakiufti 'C*aSOj -- I jO* ITO). 

b*rom the prereiiiiig reactions, it is c'vident that water can be 
purified in a complete fashion with magnesia alone only when the 
pro|MHlion of the quantity c»f suljdiate of calcium to that of carbon- 
ate of calcium contained in the water, given by the hydrotimetric 
analyssH of the? w'ater, is smaller than the relation of their molecular 
weight, IIS - l-’jtl 
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If, on the other hand, the relation of the tiuantity of .mdphute of 
calcium to that of carbonate of.calcium in the water is thuti 

the relation of the molecular vvei^dit, r3t>, it is neres>ary to add 
.another substance, such as carbonate of ina|.inesiuint in a {|uantity 
which it is easy to calculate accordinj^' it) the react itm ; 

CaSO,j + ^ I aC C ),j i M|^SC 

that is to say, for one molecule of sulphate of eaU uuit to he 
.precipitated it is necessary to arid a molecule of carbonate* cjf 
magnesium. 

To calculate* the ((iianlity of carbonate td inagne^ium to he 
added, it is necessary to note to begin witli the qirantit\" fd sub 
phate of calcium which is cajjable of precifdtating the* carlHUiate 
formed. 

If P be the weight of carbonate c^f calcium cuntauied m the 
water, P x 1*36 will be the weight of prc*cipitaictt sulfihale td' 
calcium contained in the water. If the total weight id sulphate 
•of calcium is represented by Q Inerc wilt remain still to Ik* firrcipi^ 
tated a weight Q “* 1* ^ t’Sd of sul|)hatc of calcium. 

To precipitate this weight O - P x 1*36 of sulphate of t alcium 
the number 0‘6i7 is the multiplier of earl>unate td' calcium, and the 
letters may be replaced by their numerical vahu* in the hdlowing 
formula: — 

(Q 1*36)0*517. 

This indicates tl\e quantity (d'earlHinate of magnesium lo hr added 
to obtain a complete purification. 

2. In the second case, where the water contams carbmalr of 
magnesium according to tht* reaction : 

MgCOj^CC),^ + MgO jMgC'C).,, 

the precipitation of a rnoknade ol neutral carb»nale of maipirsnim 
in solution in the water leads to the formation of two uudrculr-. of 
neutral carbonate of magnesium, whkdt precipiiale two molecule^ 
■of sulphate of calcium. 

Huge quantities of magnesia are used in the mm fomtd'ne^ 
to dephosphorise iron, and hence magnesia is on ihr miirkri at 
reasonable prices. Closson HUggests that it should Iw extratTed 
from dolomite. Nevertheless purification with tnagnr^ia mjiiirrs 
great care, on account of the secondary reactions ihai 
•are not sufficiently taken into account miti have frcaiyeiiily led m 
industrial troubles. 

We shall see later on that under hn mp|R?iirnfice of iurrtiii ntif* 
phate of magnesium is a dangerous body in steam fKitier^, A-^ the 
result of complex reactions it may lead to corroniem, and ii iikhi 
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be rcnieniberecl that in purifyin^r water containing* a sulphate with 
magnesia there* is a constfuU i)rocluGtion of sulphate of magnesium. 

It must not l)e forgotten, moreover, that in addition to chloride 
of magnesium, which will he produced in combination with the 
chlorides contained in tlie water and is an extremely instable and 
very harmful bod\', certain rt'actions with very corrosive effect on 
the boiler may haj^pen in the conversion of the magnesia into its- 
hytlnUe. Moreover, in iiulustrics where soap is used magnesia can- 
not he emphj^Td, as it lorms wasteful ittsolublc compounds with the 
soap. 

(O Purification with Carbonate of Soda,-^-When carbonate of 
sofla IS ustnl, lu’carbcjiiate of lime is obtained to begin with, Jind the 
neutral carbonak* ol lime is precipitatet! with the formation of the 
soluble srs(jui-carlKMiaU* ()f soda : — 

CaCCyo, I jNaJ'C), IIJ) . Na,IL((X.U 4- CaCO,. 

'I1u*s earl)onatc ofstuliuin is decomposed in its turn into- 

l)icarbfinair <»( stjclium anti neutral carbonate of sodium 

NaJIyC’().,i, - iNallCCXj 4- Na/X).,. 

It will Ik* scHMi aertirdiug tt) this reaction that two molecules of 
l)icarb(MJaic* ol stidium are olUaiued, which have no influence on the 
sulHcn|uent reartinns. It is advantageous to transform the bicar- 
bcmale nik> neiilral carbonate of stulium and tl\i.s is simply effected 
by luxating the watt*r in about 70 C*. It then gives up one mole- 
cule «»! carlninic acitl. 

hrnm this ilu* introductitni of two molecules of carbtmate of 
sotlium result, and ihcM? in a water which does not contain car- 
bouatc* ui call turn in Hulution give again after tl\e precipitation of 
the caibonate of calcium the two mcdectilt'S of neutral carbonate of 
sodium, l‘hi^ cajlMinate of sodium fcametl reacts in its turn on 
the nulphatr of calcium, and precipitates it as neutral carbonate of 
calcium : 

C'aSCh 'P NaXX), CalX.^, 4 Na.S(),, 

Sulphate uf Malium n^niuns in solution, and this is not usually 
harmful. It may bi* added that tire carbonate of sodium acts also 
on suljiliate* of magneHsmn, precipitating the magnesia as carbonate 
cjf magn«‘sium : 

Mg^C)^ f Na,CO, -MgtXJa 4 Na,SO,. 

I'he sarm* thing hapiR^is with the chlorides of calcium and of 
magnesium : • 

-f MgCd, 4 - CaCO, 4 MgCO, 4 4 NaCl. 

Thus chloride of sodium k left in solution, ■ 
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If the water contains only carbonate of calcium it is very easily 
precipitated by the carbonate ol .socliiiin cvtsi without heat. 

If the water contains also sulphate of calcium, to purify it 
■economically the sulphate of calcium must not be in excess of the 
carbonate of calcium contained in the water, tn this ease it is 
necessary to calcuhite the (juaiility of carbonate of sodium rtupiired 
to precipitate the carbonate of calcium. 

In making this calculation if the relation of the cpmutities 

CaCU ^ given by analysis are less than |■3D, there is no necessity to 

•add carbonate of sodium. 

Cla.SO^ 


If the relation 


CatX),, 


is more than f .ib c.trbonate of .sodiiim 


must be added. 

If 0779 is the multiplier of carbonate of soilium. I* the weight 
'Of carbonate of calcium contained in the water, as .iM-ertained hy 
hydrotimetric analysi.s, anti Q the total weight t>f suljdi.ite of 
•calcium, the quantity of carbonate of sotlium to tie .uhled to tlie 
primitive quantity to precijiitate all the sulphate of l alcimn ■ on- 
■tained in the water will be given by tite formula : — 


((J - i-3b l’)077q. 

In practice, rather more than the theoreticn! amount is iulded. 

In some industries there is no danger in intr»H!ucing an excess 
■of carbonate of sotlium, as for instance in correcting waters for 
.soap manufacture, but in tithers the amount to Ik* athieti innst be 
■carefully calculated, otherwise the cnrbtmate of sodium in excess 
may attack metals, and in particular the boiler-itlales 

(/) Purification with Baryta and th« Salts of Barium. In tlu* 
■case of caustic baryta, btith the carlKinate and the sniph.ite of 
•calcium in .solution in the water are preci[iitated 

CaCOjCOg + *• HaCO^ + (‘at'f), ♦ 

Carbonate of barium is obtained ami this in its tntti .icts on the 
•sulphate of calcium in the water 


HaCOg + CaSO^ »• BaSO^ +■ t'al’O^^, 

If these two reactions alone are prtKluml the c.irlKmate of 
■calcium and the sulphate of barium being precipit.ited and elimin- 
ated, the water is perfectly .suitable for use. 

Another reaction may take place. The caustic baryta may act 
‘directly on the sulphate of calcium, and in this case there is a 
formation of quicklime: — 

CaSO^ + Ba (OH)g « BaS04 4 - Ca(OU)j, 
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'I'liis (luicklimc or niustic lime being soluble, remains principally 
in solution and may lent! to trouble. It will corrode the metal of 
the boilers and lead to the formation of imsoliible calcareous soaps 
if it is used in an imlustry where .soa|) is used. 

lo avoitl this, the sulphate of calcium is precipitated with 
chloride of barium. In this case sulphate of barium is precipitated 
and chlori<lc of calcium remains in solution : - 

Ca.SC)^ f Hatll., - BaSt), + CaCl. 

This chloride of calcium is also harmful in boilers, and in the 
industries in which soaj) is used, as it leads to a great waste of 
.soap by forming insoluble compounds of lime. It may be added 
that earhonate of barium is also used to purify water, and some- 
times oxalate of barium or aluiniiiate of barium are employed. 

Purification with the Alkaline Oxalates. — Carbonate and 
sulphate of calcium are prercipitated with the alkaline oxalates. 

The iulvantage of this process is that carbonate of .sodium is 
obtaincil, which reacts in its turn on the .salts of calcium, as we 
have already ‘.lunvn. On the other hand, the oxalate of calcium 
which is precipitated can he easily regenerated by introducing it 
into a solution of carbonate of sodium brought to the boil. 

If the o.x.d.ile is properly regenerated, t.-iking into account the 
saving caused by the Idnnation of the carbonate of sodium and 
calculating exactly the amoimt of alkaline oxalate to bring about 
c«m|>lele precipitation, this process is commercially practicable and 
economical. .As for the use of oxalate of barium, it has the .same 
udvanlages as the alkaline oxalate. 

(V/j Purification with Aluminate of Barium. -With aluminatc 
{»f barium IkuIi the c.irlsmatc and sul|»hate of calcium can be 
prct’ipitatcd at once. 

When the talcic bicarbonate is in solution in the water, the 
react i«»n is : 

HaAl,C), ♦ ( uftJ/ O, + 11,0 » fafOj, + BaCOa + A1„(0H).,. 

Although a secotjdary chemical reaction does not occur, as in 
the case of .dumin.tte of sodium, which gives carbonate of .soda, the 
carbonate of barium nevertheless acts on the sulphate of calcium 
and precipitates it in the form of sulphate of barium : — 

CaSO, f BuCOa -BaSO, + CuCO,. 

To precifiitate the sul|»hate of calcium remaining in the water 
aluminate of barium is added which precipitates it as .sulphate of 
barium. When the solution is not acid, aluminate of calcium is 
also formed. 
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(i) Purification with the Acids.— With the aeids and in par- 
ticular hydrochloric acid, the carbonates of llu' alkaline earths arc 
transformed into soluble chlorides without energetic action (ai the 
sulphate of calcium. 

With the bicarbonate we ol)tain : — 

CaCO.COo + 2IICI CiiCl f 

That is to say, chlorides of the alkaline eartlis are prtulnrecl 
which are not absolutely harmless. 

For instance, in boilers they may be tlecoinpi»sr(l and this will 
lead to corrosion. Moreover, in the industries using soap water 
purified in this way will lead to trouble* as ilu* tarhonates are 
simply transformed into chlorides, and the metal tjf the alkaline 
earth still remains, ready to form insoluble soaps, 

Although ati exact calculation is made to know the tpianUty 
of hydrochloric acid tcj introduce into a water, in practice* it is 
difficult not to have any excess of it, and to rmiierly this i! is usual 
to pass the water acidulaUsl with hydrtjchha’ie at'itl over carlionate 
of barium. In this passage* the free hydnudilorie acid is satmat«*«l 
with barium, and chloride of i)ariuin is turrrunl wliiidi reman* . in 
solution 

2MCI +BaC:()., ® Had, + (*(), * 1 Ij 

This reaction is produced slowly, and it is arlvantagcsius lu heat 
the water a little to hasten it. 

The chloride cjf barium thus formed rvavin in ii , tiun on the* 
.sulphate of calcium, and the result is sulphate of bariuim whkh 
precipitates : 

CaSO.j f Had, -llaSO^ 1 C ad. 

Chloride of calcium, however, still remains in solution. 

CoMMKRcaAK ANTMNi ki\s H *H.S AXi* I HI IK 

In addition to the tuimeroiis iHitlies which wr have de 4 rilKs| 
used as purifiers of water, whether for steam iHiilers or for imlmaiial 
use in general, certain s[)ecialities are put on the market which are 
mixtures of these bcalics or cithers having analogous riMctnuis on 
the salts contained in water. 

Some of these products tnay he used not otdy as addilions to 
the feed water to act as anti-hicrustatcirs and dlHincrushiha linl 
they may also be used in the [preliminary trcatfrirrii of water bTnrc 
industiial use, and can be ernfjloyed with the apparatiM fiir 

the purpose. Among these may l>e meritimictd Volant,. 
^‘Calcophobe’^ This is a mixture of neutral atkaline oxatate%, of 
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the salts of barium and of a vegetable extract ; this mixture varies 
ill nature and jU'ojMjrlions according to the composition of the 
water and wlietUer it is to he used in a cold or hot solution. 

We have alrt%ady studied tlie various erficacious reactions which 
the neutral alkaliiu' oxalates and the salts of barium |;ive with the 
salts contaiiu’d in water. In the products of Asselin and Daude 
use is uu'ule of alununatc' of barium, 

It is salisnietory to note that these products arc not sent out for 
use until the inakta* has ascertained the composition of the water 
vvdth which they are to be used and has obtained other necessary 
information, ‘Fhest* products cannot he used efikaciously and with 
ecemtuny uuU'sh tlu'y are sjaadally mixtul according to the nature 
•of the waler» and unless the pro|jortion to used with such and 
su(‘h a water is aamrately tadtrulaletk This necessity was formerly 
negUs'teck but it has b{*en tiiken into eonsitk*ration by several 
makers <if tliese products, and tends more and more to become 
the i^eueral rule. 

We may utile, lor instance, Neulal's Anti-d'artre/’ the Socictc 
Je Sclenil'uite s *’ Srhaiifuge,” and M|(rot‘s “ 1 Iydrh)xilinc 

loir inslance the followini*; itiformation is required by thcNculat 
15 rm; 

I, I lytlnitimelric' deipce of the water, or one litre of it for 
analysis, 

i. of the boiler, tubular, semitubular or nmltitubular. 

3. Horse [lower or tiuantity of fuel burnt \mv day, 

4. Xumfier of working hours per tiay. 

5. NumlHT of working ciays jht month, 
fh Is there any crust in the boiler? 

l*he Selenifttgr makers ask the following (lue.stions 
t. A litre of the iret! water f«sr analysis, 
i. l*yF' fioiler, full fiarticulars. 

3. CJuantity of fuel Inirnl jht clay. 

4. OuatUity of water evaporated per clay. 

5. Numlier of working hours jht day. 

6. Xurnlwr of working days per month. 

7. l^sual interval iH^ween comjilete sloijpages for boiler cleaning 
^nd examinatian. 

Among other welbknown prcxiucts we may tnention Rodriguez 
Castromarfs ** I Jthophagr/’ Ckuchemann and GihVs ** Solvcme, 
U Jihnart^s ‘HAalstiline;* Constant's **lartri phage,*’ Carton et Cie.’s 
Anti^hdeaireA lioileaiFs ** Desincrustant" Compere and Faucheds 
Ve^etaltna;* Hiimelles - AntbCalciiire;’ Breters ** Anti-Tartre,” 
NkTon*s ** Antblncrustateur,** l^woix’s 13(5sincrustant/’ Lachery’s 

C! 
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“Expurgine,” Drevdal’s “ Neutralinc,” t^amhray's Anti«('Hlcuire,’' 
SaureFs “ Ucsincrustant,” Mcyhcr’s “ I'cirtrol/' Mtury la’^ratuls 
“Briquette/^ Frcmicr’s “Colorado,” Sayors ’* I )rsitu:riistant,” \C 
Acker’s “ Dcsincrustant Inclitui,” L. Nonnand s Atiti I’artroC 
Lh6atier ct Cie.s “ Anti-Tfirlro Chatilloo,” l*rol<iux s I)rsiru'rus“ 
tant” Roux’s “ NihiUTartre,” Ik'rimhcrt’s DoHiurnistantC MuriuHs 
“ P aratartre,” Taillaudicr’s “ Dusiucrustant,” Main’s “Anti>-'rariro,” 
Nivet’s “Tartrifugc,” Weiss’s “ Lithoreactif,” Rah)* and Wil!»u'tds 
“Capnomore,” Gisslcr’s “ Parasi'l,” Pistrr’s “ Di-sinerustattnir/' 
These various products may he UHcd hy iutroducitig the pnqior 
proportion of the speciality prcTerred into the hoilc*r orux* a month, 



Ina. 6H,— Dt'vict^ for iolu ihr l^nolrt.. 

but it is preferable to use tlumi daily, takiii|; Htrici i.| ilu- 

volume of water employed, 'I he poKluetn atr uiixrci either hv 
using the feed cistern, the pumj) or the injeetur-;. 

If there is no feed cistern the poidiit t may !«• ititic»dm:<-d very 
simply by the arrangement .slu>wn in fig. 68. Here a tap r, Jivr d 
in the suction pipe of the boiler, aiul cimne»;tefl l»y meate> nt an 
indiarubber tube with a bucket containing the di?a’ii« rteuant in 
solution. In order to intnxhice the disincniHtjuit into the b.tlet 
all that ha.s to be done is to turn on the tap cmineettid with the 
bucket by the indiarubber tube and to turn alT tlu* principal tiiti 
shown in the middle of the suction pijte. A methml recommcndwl 
by Volant-Eckhout consists in fixing a small re«?rvoir similar b. a 
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lubricator on the suction tube. This has an upper and lower tap as 
shown in fig. 69, 

The reservoir is filled with disincrustant by opening the upper 
tap, then after having shut this the lower one is turned on, and the 
disincrustant is distributed. 

Deloffre's apparatus for use with either liquid or solid disincrus- 
tants is composed of a reservoir D provided with a screw cover C, 
and a clearing out tap B in the lower part. 

This apparatus is fixed as shown at E on the tube of the feed 
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imnip as near as pussibk! at the safety valve. In workin}?, the tap 
is shut and tlu- water is run olT by llie tap at H. I'his having been 
dene, the cover C is screwed off, the tap B is clo.sed, and the disin- 
eru.stant is pul into the reservoir D. 

After having screwed down the cover C tightly, the tap letting 
the disincrustant into the imin[) is gradually opened, and the cli.s- 
incruslant is forcetl into live boiler. 

.Some disincrustants have not well-determined chemical action 
on the salts contained in the water, but for all that give favourable 
results. In using them, it is just as neces.sary as in the ca.se of the 
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products with well-cleterminccl chemical uclion to s'aiigo Uu; pro. 
portion needed according to the nature ami volume of the water. 
In order to do this, a scries (jf experiments are imule with tlie 
disincrustants, diminishing the proportion u.sed until tlie miniimim 
dose consistent with efficacy is diseoveretl. 

This miniinmn will be the i)roportion of the (lisinerusiant to he 





used with the volume of water etn|)lttytnh arul a Hiiri|»!r t:aii tdaUun 
will give the quantity necennary for tin* daily additiim. 

In the case of dye«workH, fininhing-work^-i, hlratdi'^workH aia! 
paper-mills, where these various prislucts art* iHcd» wv m oiiiiurfu! 
that their makers should be told exactly the nature of tlie tni 
carried on, and in this case the makers shouhl moilify tfieir i* 
alities to suit the particular industry. 



CllAPTICR XIX. 

PKlvCIPITA'l'ION ()1‘ MATTKRS IN vSUvSPKNSION IN WATliR. 

h\n< past the ('hi\icsc! atul liuliuns have cleared waters rendered 
turbid by mailers in suspension hy usiiiR; alum. This method is 
still applied, and can l)e em[doyed not only to precipitate the 
matters in suspmisicm in tlu; water, but also in the ease of very 
finely suspended jirecipitatcs [)rocluced by various reagents used to 
soften watts*. 

In purifying water the precipitates [n'ocluced ought to aggregate 
quickly and deposit, otherwise a Icjug and troublesome filtration is 
retjuired and the very finely suspended particles are sure to clog 
the pores of tlu! filter. Tht^ use of sul])hate of alumina depends 
upon the forinalion of a precij>ilalc of alumina, which quickly 
carries down with it all matters in suspension in the form of lakes. 

1 'he alumina is ])reeipitaled from its sulphate in the presence of 
the alkaline carlumatt': 

AIaSO,),, + aC'aCO, 3t'aS(), M./)., + 3CC),. 

Or (}f lime 

Al,uSC),], 4 * 3(‘aO 3CaS().j + Al.O,. 

According to this, it will he seen that in purifying water with 
lime stime sulpliale of aluiriina should be added in order to carry 
clown the precipitate and to obtain a rapid filtration. 

Tint proportiem to Ik* used is about lO grammes per cubic metre 
of water. The salts of iron may also be em[)loyed instead of the 
alum, l)Ut of course in this case the prcx'ipitate obtained is the 
hydrate of ferric oxide, which plays the same part as the alumina. 

W’ith pcrclihjridc of iron unci the alkaline carbonates, the follow- 
ing reaction is tjbtained 

1AA1, + jCaCO,, FeX), + CaCh 4- 3 CO,. 

With lime, it is as follows :™ 

FcX:i, + 3 CaC) 3 CaCl, + Fe,0,. 

(197) 
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The perchloride of iron is reacted upon by the lime or carbonate 
of lime, and in addition to the ferric oxide formed soluble clilm'ide 
of calcium is obtained. In many case.s this chloride of calcium 
maybe troublesome if the rea^mnts added to purify the water do 
not transform it into another salt, for instance into an alhaliiu? 
chloride which is perfectly harmless. 


C’lIAPTICR XX, 

apparatus P'OH rilE PKICLIMINAUV cnUMICAL PURIFICATION OF 

VVATliU. 

P. Gaillet’s settlsra. vertical settler is formed of a rect- 

angular lank, containin^^ 15 sltelvcs at an ang^le of 45", and fixed 
alternately on opposite sides of the tank. I'hcy form as it were 
a .serk's a{ Inickt'ts, each (jf wliich can be drained by a tap. The 
purified water to he eleartnl enters the apjjaratus at the bottom, 
and, arriving, at the first shelf, follows the ascent of the slope, and 
thence passi*s to the shelf next aliove, which it descends, and then 
l^oes ujj the next NheU, and so on to the last, I)y which time it is 
entirely freeit from s<>litl particles. 

On account of the skjpt* of the shelves, the susj)cude(l matter 
which becomes depositetl cm them goes down to the angles at the 
side* n( tile tank, where the pressure of water makes its removal easy 
on o|H*ning the tap. In this way clarification is facilitated, for the 
circulation of the vvatt*r takes place where there is least deposit, 

h'igs. 71 and 7.! reprcHont a vertical [Hirifier with re.servoirs for 
reagents. In this arriuigcment the supply of reagents and water is 
as.sured liy constant U*ve! regulators, depending on the action of 
floats on an inlet vadve. I'he outflow is regulated with precision by 
taps, or vidves worked by a rack ami pinion. 

By means of an indiarubber pipe, with floats in the reagent- 
reservoirs, the jiurest part of the liejuid is drawn off, which passing 
into the settler, acts on the water to be purified, and precipitates the 
salts of the alkalhu? earths from the water. 

lake? the vertical settler, the horizontal one has inside a series of 
tihelves, slanted so as conveniently to collect to one point the solid 
matter. The meta! tank which receives the water to be purified 
is of rectangular form, with a triangular part at the bottom which 
has faces with the same slope as the shelves. By this arrangement 
the solid particles slide easily over the shelves and collect at the 
lower {mrt, which h provided with a tap for getting rid of them. 
To prevent the current in its ascending movement hindering the 

im) 
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settlement of the precipitate, the shelves are proItH)|4;e(l into the 
deposit-receiving vessel, into which, thcrelort*, tlie sc^licl particles 
slide straight off the shelves. 

The liquid passes through holes in the shelves, and the edges ui 
the holes are turned up to prevent the solids nu*t‘ting in t!u‘ir tit*st‘ent. 
Let us add that a filter is attached to the settler and ti»mplet<*s the 
•clarification, 

P, Gaillet’s Cylindrical Purifier, d his isc(jin[it*s«‘d ut a evlindric al 





receiver, termiiialing below itt a ceaie with an rnijityifig A 

series) of pieces of metal, fitting one into anttilurr, is .»rran>;ril alouj* 
the axis of the cylinder. These pieces are circiiiar and jiirtm'd 
with holes symmetrically arranged and covered with a jacket wlm h 
directs the deposits downwards, anri prevents them Itotti folhavntg 
the ascending currents. The surfaces of the shelves are triangular 
with turned-up edges forming trenches fruin the centre to thecir- 
cumference, in which the water to be clarified rises »iver their whoh: 
■extent. 





a tube >n the central column, from which branch tulx-n t.. rlircc t the 
liquid upwards, so as not to stir up the deposit at the hmom The 
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water rises by the trenches of the first storey, and having- traversed 
them nu'tds tlu* un|)errnratcti parts of tlie upper storeys, and is 
thus foraul Uj pass aliove the deposits. 

It is to he noted that the orifices in a central part correspond to 
the unpeiddrateil platvs of the contiguous parts, so that the trenches 
in out' set t)i‘ shelves eorrestiund to unperforated parts of the con- 
Uguons st‘ts, 1 hiN arrangenu'nl changes the course of the water 
witlumt ahruplnt‘ss, and the circulation takes place in thin streams, 
which favours the NtUlliMueiU. 

As Iti the deposits which form on the shelves, they slide over 
them, and pass regularly inU) a central tube which takes them to 
the Inattiin ol the apparatus. A Idler, formed of an aimular space 
concentric with the antler, can he divided into two parts, to enable 
it to be tdt‘aned wiilunU sittpping thr purification. The water, on 
leaving the* svUtler, passes through a channel which takes it under 
the fillers, through which it passes to a reservoir which receives the 
purified water. 

Hie apparatus for preparing the reagents is usually placed above 
thr* .settler. It icTrninaUsl hy a cone whicli penetrates into the 
settler, It i iuuimniicaie% hy an outhg valve and a jiijie with the 
base of the lattm, wlm h receives the deposits from it. 

U lime only usi-d in tin* purilication of the water, a distributing 
vessel ensun's a piopnl)* propfirtioned (low of reagent and water, 
but if tilluu’ reagents are eni|jlu\“e(l, such as soda, ferric chlorides, 
alumiuale of suda, etc,, they are introducctl into reservoirs on the 
tup «if thc' punlitu, and with *iulomatically regulated outflows. It 
must \h* notc'd that tiaillet t-onteniplatt‘s, in his apparatus, the com- 
biru^d Use of lime and siwla. 

In the preeeding lignre, which represents a section of a cyli|i» 
drical pnrilier with an eKlernal filter, the water i.s introduced by a 
regulating vahs* A, wiaked by a tluat H, according to the level of 
the water to Ik* purifietf, which is poured into the distributing ves.sel C, 
and leaves it by amaher valve 1), leading to the purifier. Another 
regulating valve l\ takes Mime of it into the reagent saturator. 

*rhe aulomaiii limeAvater saturator F communicates with a 
receiver C#, where the lime is slakwl automatically. It has at its 
iKittoin an emptying valve I and an ojiening J for cleaning it Thus 
prepared, the lime water leaves by the channel II into the supply 
IuIkj S of the purifier. 

A tap K. fsKetl to the distributing vessel G, leads a part of the 
water into the sociioreservoir I... or into reservoirs of other reagents. 
It then {liisses by the rt^gulating valve M into a distributing vessel 
N for scKJa or other reagents. 
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The output of soda is rcjj^ulatcd hy an auloinatic valve (), or 
stopped by the arrangement 1' l\ in which a float O, the postticni of 
which depends upon the level of the water in C.» regulates the ball- 
cock 0. The reagents arc then mixed in a vvvcWi-r K whtmcc llu*)' 
pass into the supply tube S of the purifier F, [n'nvided with its 
shelves and em])tying tap. 

After having de[)ositcd its sediment on the slielves, the walcn* 
passes by the channel LI into the coinpailincnt V, iluni mulerneath 
the filters by the openings W. The water is cotlecled after iiltralion 
in a special reservoir X. A float regulates tlu* starting and 
stopping of the action. Tlie waten* leaves h\' the tjpening Z afUT 
having been purified and filtered. 



Ku>, 7fi.— Chullt’i'H cyliiulncid punlin irKurf, 


Berenger and Stingl’a Apparatus, t hi*. ul ;i M-rirn ..f 

purifiers, generally three, thiit rniinlKT lu-iiig iHii.t!!) •.iilfitiftit. 

The water to be purified, ami aUo the reugfiits, by two 
pipes governed by graduatet! tafw into a metal rcerivrr wlu-ro ilioy 
are mixed together. Tin; inixtnro of water ami rragent-. thru uvrr- 
flows into an outer concentric cylitulur which trriniu.itr*. iK-h.w in a 
vertical jripe. 

The water mixed with the reagents deHcrnds by thi*. vrttieal 
pipe into an inverted metal cone sujiportetl by a tri|»u<l, anti over- 
flows the cone into the cylindrical reservoir which cont.iius it. 

The water deposits part t.f its prccipitital rnattor, which fftlls 
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iiitti till- <'yliiitlr() foiiii'ul lower [liut of the re.servoir. The mud is 
ex|)C!llcHl hy itieiuis ol' :i taj) at Llie bottom, 

■[’lie ovei-ninv mu- imrifier passe.s into the next by a gutter 
cominuiiiealiuj; with llie upper part of the first purifier and leading 
into a hiiri/oiilal pipe. Leaving this horizontal pipe, the water 
descends the verlic.d pipt* which comes after the hcwizontal pipe and 
passes into (In- second piiriller, where it gets rid of its su-spended 
mailer which settles at the bottom. The water pa.sses from the 
sei:ond into the third purifi(;r in tin* Seime way. 

On leaving the third purifier the water is filtered by passing 



upwards thiougb a layer of woixl-tibrc or other filtering material 
em tt>se«i lu itti-en two piires of wire netting. The purified and 
liltered water llieii flows into the feed-reservoir. 

H, Dusrumaux's Automatio Purifier. -In the Desrmnaux purifier 
(fig. 7H1 the water I liters by ,i pi|K! .\, ami passes into a di.stribut- 
ing ves'si'l [t, (loin whit h the water to l>e purified falls, in quantities 
regulated by the v.rlve ( . upon the water-wheel K, and thereby 
rlriving the stirrer of a saturator J. The water leaving the water- 
wheel, or hydraulic: niolor, |>asses by the channel F to the settler M. 

The various reagents are jrrepared in a reservoir G, and their 
outflow from it is regulated by the elxinitc float I. On the left side 



Fia, 7H,->-.DeirumauK H auiom^tk pwifirf, 

regulate the flow of water to be marie into lime-water, anr! which 
passes by the funnel H into the saturator j. ’I his saturator i. 
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[irovitlccl with an automatic limc-slakcr R, and a discharging valve 
U at the bottom of it 

A channel K brings the concentrated lime-water into the central 
column M of the settler, whicli can l)e cleaned by means of the free 
annular .s[)a(.x^ LL. 

1 It^lico-coiioiclal [)la.te.s N form a continuous depositing surface^ 






I j?,. |nn'itirt (ntu;rit»r view). 

wliich cait Ik- l U-atii-rl \vil!)..ut takiti(;tlu- apparatus to pieces, simply 
l»y turning in a stn-aiii <*r water b)' the atitiular space LL. 

riu? helieo ct.iifiiilal shape of these surfaces directs the mud to 
the lower part of tlu- a(iparatus, into the collection OO, and thence, 
finally, into the mud-reservoir 1', which is provided with a valve 
S for emptying it. 
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A filter QQ completes the apparatus, ami the purified water 
leaves by the pipe T. 

We see then, in the Desrumaux purifier, two perfectly distinct 
kinds of operation carried on ; (l) The precipitation of the salts tiis- 
solved in the water by a|)propriatc reai^^eiits pre^paretl in si>ecial 
reservoirs, and (2) the separatitni of the precipitate^ fornied and also 
of suspended matter, such as oxide of iron. sand, iron and oripinic 
debris of all kinds, 

The reagents soluble in water are distributed easily taunigli. 
in proportion to the volume of water to be purified, hut the regu- 
larity of the distribution requires the use of a speeiall)' constructed 
apparatus. The regular distribution cjf the reagents is sinaired l)y 
taking the solutions by means of a regulating float of ebonite ifitcj 
which they enter by a hole pierced in the ccnttral tula* of the regulator. 

This central tube is connected by a side tula’ ti* a flexible dis- 
charge pipe, and is kci)t by the annular rtt>at at a constant distance 
from the surface of the liquid. In this way a regular luui ctuistant 
flow of liquid is secured. 

By raising or lowering the central tube of the n^gulating float, 
the flow from the reagctit reservoirs can lie rodiuasl ar isu 
at pleasure. The regulating floats being made tmtirtdy of cbtHtite 
are not attacked by acid or alkaline reagtnits. 

As to the preparation of the conccsHnitetl limt^ waiter, it ptVMiU"^ 
rather more difficulty, for the lime is always nnxrd with lt»rc*ign 
matter, so that different pro[)firtions tif it have* to Ih- umsI tu get 
complete saturation. 

The preparation of this reagent is h.iscs! upun thc^ la« i that 
water, in the presence of an excess tif lime, abniit i| 

grammes of it to a Hire. 

Everything then, in obtainitig a fixed weight of lime, depends 
on taking the carresponding volume of HaUtraletl luiie walm. 

There is no necessity to {irejjare limeavaler bv‘ up tune 

and water by hand, for the Desrumaux apparutiiH is provuird rvilh 
a lime-water saturator, in which the water is saluraird with lime liy 
means of an automatic stirrer driven by a water-wheel mn in niution 
by the water to be purified. 

The lumps of lime are put into a Hcmicylindrical where 

it is slaked with water. The water used in I'lreparing the reagent 
is brought by the central tube, which it leaves at the lower vml 

To charge the apparatus the limt? is put iiilti the ^lirriiig-«:hest 
by means of a rack and pinion valve w*hich governs a reiitral pi}H; 
whereby the bottom of the slaker communicates with the ilirring- 
chest 
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After saturation and clarificationj the lime-water leaves the 
saturator at the top, mixes with the water to be purified which 
■falls from the water-wheel, and mixes at the same time with the 
other solutions coming from the reagent-reservoir on the top of the 
'Settler, 

As soon as they come into contact with the water to be purified 
ithe reagents precipitate the salts dissolved in it, and the precipitates 
have to be collected, and the water rapidly clarified to finish the 
•operation. This is done in a settler with hclico-conoidal surfaces, 
and consisting of a large vertical cylindrical vessel, closed below 
with a conical bottom provided with a discharge valve. 



In its central part there is a cylinder open at both ends, round 
which are rolled .several range.s of metal plates, which slope like the 
.side.s of a cone and are drawn out into a spiral. This is why their 
surfaces are called helico-conoidal. 

By reason of this shape the plates cause a rapid descent of the 
solid particles, precipitated or in suspension, which are led into the 
.sludge drum. The purified water passes finally through a filter 
consisting of wood-fibre lightly compressed between two perforated 
iron plates. 

Dervaux*8 Cold Purifier.— This purifier is constructed to receive 
any two reagents intended for purifying water, but Its constructor 
contemplates the use of soda and lime. 
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Tn consequence, the apparatus consists ol a liuiew atcr saturator, 
a distributor of soda-solution, a settling reser\oir. 'and, linally, 
a filter. A distributing ve.ssel A, divided into- two nunpartiUfiils 
R and Q, contains the water and the crude lime. 

The water to be purified arrives into ilie reseiaoir'iK liy a pipe, 
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and is thence distributed by the upeningH V, M. 1‘. and ihrii roi 
re.sponding pipe.s, into the receivers S, N, I) 

The opening.s V, M, 1‘ are regulated by gauges in aerotciann 
with the composition of tlie water to h«" purified, so as to [«»•<'' 
larger or smaller quantitie.s. The crude lime is in the reservuit 
Q, and has previously been .slaked and freed from stones. When 
it is transformed into milk-of-lime, it can he useii. It is run, onee 
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a day, into the rciceiver S, throu^li the pipe O which goes to the 
bottom of S, by opening the ta]) G. 

This receiver S, or automatic conical lime-water saturator, is 
•€()mpf)se(l of a conical receiver, furnished at its base with a dis- 
charge valve for tlic exhausted lime. 

Tlie water to l)e purifu'd, brought the pipe K, whose opening 
V is rt'guhilc'd hy a gauge according to the composition of the 
water, mixes with the inilk-of-liine l)roiiglit by the pipe O. 




H.U- Ikivaux’h Jiuiumaiic punOcr. 




mi 


Owing tc» the rcinical (orin of the saturator, and to its consectuent 
[>rogressive witleuing, the rate at which the liquid ascends diminishes 
in pfojK »rtit HI as it rises, and causes the saturation and the clarifi- 
calitHi of the* liiiHv water. The litne-watcr thus saturated is cleai, 
and passes by a pi[a* W into the chimney Is, into which pass also 
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soda and the water to be purified. The automatic .soda-distribut- 
ing column N is formed of a cylindrical receiver or coUinm, inU> 
which the water is introduced by the pipe M regulated by its gauge. 

A pipe Y, going to the base of the column, serves to direct, by 
an ascending movement, the solution of soda whii-h is poured every 
day into the upper part of the cylindrical receiver, into the shaft M. 

The mixture of lime, soda, :uul w.ater to be purified, in the 
proper proportions known from the analysis of the water, takes, 
place in the shaft K. Thus the luiuids descend into the settling 
reservoir D, where the mud settles to the bottom. 

The purified water descends by the chimney H iiUtt a filter h', 
provided with an automatic cleaning .syphon, and consisting of a 
laj^er of gravel supported by a perforatrsl iron plate. The water 
pas.ses down through the gravel into a reservoir (J. 

Thus purified and clarified, the water leaves the apparatus by 
the pipe T. If the deposit is .so great that the water cannot gel 
through the gravel, the water to be filtered rises from the reservoir 
F into the annular space of the |)ij)e T and r«;tunis into the pipe L. 

The water of the reservoir (1 is then drawn up. aiul, passing 
through the gravel from bclmv, driviis the mud out of tlie gravel 
and out of the afiparatus, 

Finally, in Dervati.xi’s jiurifying system, the salur.iting cone .S, 
the reagent-column N, and tlie automatic filt<*r F, i .ui easily !«• 
separated from one amtther. 

Clarke Atkins and Porter's Apparatus. This apparatus is 
mostly u.sed in Kiigiancl. 

The reagent is prepared in a sfieci.d lime teseivoir, the wati-r 
entering from below and saturating itself with lime, \ stiin-i pro 
motes the operation. The water saturatetl with lime rise-., h-.umg 
behind it the cxce.s.s of lime, and passes into another lesrtvoit 
where it is stirred uj) with the w.iter to be purified 

The purified water leaves this reservoir at the top, .md p.e.srs 
into a filter press, comfiosed of a smies of jH-rforaled cast iron 
plates, between which is the filtering medium, such a * ioti<.n 

The water, chargerl with reagent aiul {irecipit.ited iiiatu-r, eiii«Ts 
the filter by a jiipe and traversing the filtering iiinlmai issues at 
the other end of the filter-press from a pijK' which t .aniiicmH atcs 
with a channel traversing the [dates of the filter. 

The water leaves it.s solid matter in the filter and issues , dear 
and pure. The filtering medium has to Ik? ch*aned alrotit every 
fifteen hours. To effect this water is driven through the filter i»r 
the opposite direction to that in which the water to Ire filtered comes. 
Demailly'8 Apparatus.Thi.s apfuiratus may la- used in pur.fy. 
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ing water for industrial use but it is often used for purifying boiler- 
feed, and is then placed between the feed pump and the boiler. 

The apparatus consists essentially of two metal cylinders, A 
and B. In the receiver A there is milk-of-Iime. The water to be 
purified is brought by a pii)e T, which is connected both with the 
principal pipe V and a small tube L. 

A portion of the water is taken up by this small tube which 
transfers it by a series of openings into the reagent cylinder A. 

The milk-of-lime is thus diluted ; the water saturates itself with 
lime and rising through a filter F, passes by the central tube, and 
finally falls on to a helical wheel F which brings it into contact 
with tlie main mass of water brought by the pipe V. 



I‘U*. h I l.irkr Aikin^ itiHl H4. Clwrkt* AtkiiiB arid Portar's purifier 

l’nrU”r'¥i puriJin vie w), (sidt; Klevutiaii). 


A i>ipf k brings the litpiid into the reservoir B, where the lime- 
water, reacting with the water to be purified throws down the 
earlMiiiates of the alkaline earths. 

The water otn t* purified traverses the filter 1*', and goes out by 
the central pipe into the pipe Z. 

To prevent the tiller in the reservoir getting choked by the 
rleiKisit, a bush rubs against the filtering surfaces. To eliminate 
sulphates, appropriate? reagents must be iirtroduced. In this way 
the mixture of water to Ire purified anti reagent circulates over 
the baflles, traversing tlic whole surface of each of them, and always 
in an opposite direction from one baffle to another. 

By tins arrangement the .suspended and precipitated matters 
arc readily tlejKjsitetl, anti this is still further facilitated by putting 
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wood-fibre between each pair of banies. Tlie purilied water Hows 
from the bottom of the compartment (' into (lie hottom of Hu; 
compartment Cp and as it rises it passes thriuipli an asbestos 
partition to clarify it. 

Finally, the purified water leaves by the side pipe S. .A lloal 
n follow.s the rise and fall of the purified water, and at the same 
time regulates the taps e and which admit re.apent and water to 
be purified. 

There is a discharge tap for cle.aring out mud. 

Purifier of the Maignen Fiiter Co. Tliis purifier consists 
essentially of a reagent preparing vessel .M, having a pipe / at tile 
base to lead the reagent into the .storage reservoir N, 



Fltii .sitrr. 

The flow of reagent into the reservoir \ i*. -.topped .ml.un.ttii 
ally, according to the level oflitpiiil in it. by the l».dl eoiK <■. 

At the lower part of the reservoii N*. a pi(«' > le.tils lln* le.i.'i-nt 
in quantitic.s regulated by the tap «/, into a th.imie! ri, and here it 
mixes with the water tti 1 k’ purifu'd, eointnt; hy the |iipe in 
quantities governed hy the tap <t. ’Hie tnisture of water to Ik- 
purified and reagent leave.s the end .S of the <h.in(u l (i to l.dl into 
the compartment C of the reaction and t l.irifii ation rf.«-iv>«r t ». 
where the precipitated and susiK-nded m.itteo. .-ettle, A serie-. ol 
irlatcs with lightly turned-up edges, and loweied .it oppo-^ue laids 
in Z shape, are placed as bafllles, 

Each of these baffles is notched near one entl. to .iHow the w.itei 
to pass from one to another, hut two emise ulive h ilfh-s h.ivr their 
notches at opjrosite end.s. 

Buron’s Cold Purifier.- In tiiis purifier the iirnHirr ivnilrr *trrivr‘-^ 
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■' ^ it by t»o taps 3 and s 

. I 4 .1 ntvs w.ttei to run on to linso placed in a metal basket tc 
keep back .stones and insoluble particles. 
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I*|y. fiRitf ie'levinian). Fits. S7."*“Miii|fnen filtcir (side view). 

The liiriejs lakcii by the water into the central tube of a 
saturator D where it is stirred energetically by a stirrer, with two 
blades revolving in it. Thj.s stirrer is driven by a water-wheel K > 


Ul. 
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moved by water from the tap 3 of the clistributini^^ reservoir N* 
Thus stirred, the milk-of-lime reaches the base of the saturator by 
the central tube and rises in the intermediate space formed by the 
outer cylinder, and passes into the up()er ()art by the jjipe 



Fui, HK.— Maigtien |r!Urr#t«#i|. 

In the compartment M of the clistrilnitiitK «*«Tv..ir a M.luti.m 
of soda IS put every day, and is distriinited from the >tiiiill rr« ivoit 
G by a tap into the pipe K. 

Hence the milk-of-lirne and the stxla arrive into 'I' and K 
t rough their respective pipes, and into contact with the water to 
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be purified, which escapes at S into tlie upper part of la central^ 
column, whence it enters the mixer, where the reactions take place- 
and the salts are precijiitated out of the water. 



llle wMm lirncrnd^ la lilt? ItWt 
riMUcericiti ifi iht? fciniiecl bj 
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with baffles which retard the upward inevt'inenl and so facilitate* 
the settlement of the precipitates. Mnally llu* purilieel wal(‘r is 
clarified in a filter J'" and passes clc*ar from that into a special 
reservoir which it leaves l)y the* optMiini^f (h It will he noted that 
all flows of water or reagent are regulated h}* a pi im ipul float 11 
which commands the various halheocks. 

As to the deposits formetl they are reniovtnl In* the cliseharge 
valve L at the bottom of the apparatus. 

Henri Carpentier’s Cold Purifier, 'riiis purtfu'r is Im (tu*d of a 
cylindrical reservoir A in whicli nH»ve.s a float i\ wliieh follows the 
rise and fall of the purified water in llie residue, anti eouunanrhi the 
inlet taj) B of the unpurified water, fl'his runs thrtnigh the pipe I) 
into the principal i)ipe distributing the water iiUt) the l entral rt‘st‘rvnir 
L by the descending column D, and into tvv<) measuring vessels K. 

The water flows from tlu‘ nu*asuring vessels into two reagent- 
cisterns F [)rovidccl witli stirrers. l‘he [U’epared nsigents Ihav hy 
the overflow pities to the bottom tfl'the central resc^rvoir I. 

This reservoir, theii, recx'ives the reagents and the water to he 
treated, which mix t(»gelher, and overlhuving, pa^^.s inu» an eHtmioi 
reservoir M surrounding the first, aiui, supported In a tube 
descend to a certain distance {n>in the bottom of tlu* o- .ri voir A, 
Baffles () are disptjsed insidt* this tube N, in which the ualc*r 
Uiider treatmc'iit circulates, (leposilifig the preupitated budir^. ^vhii h 
go to the Ixjttom of the reservoir and am tenunrd by Iho nuiKg 
cock /. The water rises again slowly and finjHhrs it', irrafmrnl 
by a filtration upwards ihroiigjt the lilter lk*d R, airi iim*., pnoihed 
and clarified, out at titt* pipe S, By thi* arratigrnn'nl of ib«” tap 
float, the water only comes in when that contained m i!i«‘ rr .ri voir 
has diminished to a determined r|namily. This all thr ih nr 1 4 
the reaffcint.s lo he prciiKTiy re'^iihiteii in ih.ti ••) tlu- 

impure water, the ine;isiiriti},i: vcsm*In !■; lK-in}j rilln! .a thr ..uiir 
time cis the eeninil rcserv^tir I, hy the *lr'*rrii*hi 4 ' ps|H* It. 

Howatson's Cold Purifier. I’ln- rr.iyrnt. lime- u.ttn, r* piriMir*! 
continuously in a special saturautr K, •.Innvii i<ii sh.- l,-!t m ihr 
figurc. This satunittir K, of cylindrical fontt, custam'. .mothm 
cylinder M, which contains in its tnnK<r part a pnlMiatr.! vr^ .H in 
which is placed the lime used in [»repariit|* the tr.D'rnt 

An automatic taf. A, governed hy a tioal. alhms the waS.-r to 
be purified to enter the com[nirtttient li, vvh<-ii.r n hy a 

valve H, governed by a float, into a }tij>e ofw nag at 1*\ the -ii/r of 
which is regulatetl according to tlu- (low rrijusn d 

The water used to prepare the reagent pis-u- Im-vo.-u} tlu- {M.itil 
F and leaves by the Ofwning (J. winch is r.-gul 4 ted aicorditig i<. ifir 
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CThis shaft has blades the object of which is to suitably stir the 
Tnixture of water and lime. The solid partich's fall to the iKJttoin 
part^of the cylinder M and settle down there. l‘he liineAvater l)e- 
•comes] clear, and rises throned) the annular spact' belvvecn the iwo 
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•cylinders M and K and pasws thrauj'h the iiji|K'r part of the 
•saturator K into a side pipe whicli brings it into thf same T-shajKxl 
pipe as the water to be purifier! enters after lead ing the orifice F 
■and falling on the water-wheel H. 
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Thu.s mixed with the lime-water the water to be purified throws 
•down its dissolved salts and passe.s into the upper part of the big 
settling cylinder R, 

After having got rid of its salts in the settling cylinder R, the 
water traverses a thick layer of wood-fibre, where it leaves its solid 
anatter in suspension and thus undergoes complete filtration. 

The purified and cdarified water finds itself .shut up in the upper 
ipart and leaves by a special pipe S. If the nature of the water 
raiuires the use of a .second reagent, carbonate of soda for example, 
the [H-eparation of lliat reagent is effected automatically in the 
•compartment (’ of the upper reservoir, and it would be poured as 
wanted into the 'I'-shapetl tube which provides for the mixing of 
the water to be ])urified with the lime-water. The flow of the water 
to be purified, and also tliat of the lime-water or carbonate of soda, 
is managed automatically by the taps D and K, regulated by floats 
•according to the variations in the level of the liquid. 

h'inally outlet valves provide for the removal of the mud de- 
^Hisited in the saturator and in the settler. 

Froltzhelm's Purifier, for Mixed Treatment,-— The Froitzheim 
purifier is siieeiidly constructed for the mixed treatment of water, 
not only with re.agents, but also with steam. 

.•\ float .S following the varititions in the water level in a large 
re.scu'voir I admits the water to he purified by the pifie W, whence 
it falls into a doiihle-hulaiiced bucket M, which it moves by its 
weight. Tlie rocking movement tif the buckets is transmitted by 
two levers to a horizontal shaft, which controls an elevator II. 

This carries buckets which bring up the .solution of reagent, in 
Uiis case caihoiiaii' of soda, and pour it in small tjuantities into a 
funnel /, from which it runs liy a pipe into the large reservoir I. 

Tile flow 111 '.oda from the hucki'ts, the motion of which is 
regulated by the liulanced douhle Inicket at M, is thus proportional 
to that of the water to be purified. 

T*o complete this chemical purification a heater based on the 
counter-current jn'inciple, receives exhaust steam from the pipe A, 
in the direction shown fiy the arrow. 

On leaving the heater, the water falls into the lai^e re.servoir 1 
■which is flivided by a rliapliragm Z into two compartments V and 
VV. .so us to refiiice the siKied of the How and to facilitate the deposi- 
tion of the precipitates. As to the solution of carbonate of soda, 
which {jours through the funnel / into the reservoir I, it is mixed 
thoroughly witli the water to be purified by means of a jet of 
steam regulated by a valve H. 

Finally, after having got round the diaphragm, the water is 
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clarified by a filter composed of a series of frames filled with 
canvas, which can be removed separated)' for t leaninf.^ purposes. 
On leaving the filter, tlie purified and clarifietl water Hows out by 
the pipe S. 

COMPLKMKNTARY NoTKS ON SOMK A I'PAU A‘I‘USl.:s FOR 

Tkicatinc; Watkr with Stkam. 

In the second part of this wtjrk, in the ( haf)ter eniuan’iiin^i; 
boiler-feed water, we examined a certain munbcM* af apparatusts 



for the preliminary treatment tif water by strant Ah <.oitir ut 
these apparatuses could not be put iji llie idiapter at Ifn^ tiirir of 
going to the press, we shall now study iliem in a eiinipIrnuTiilary 
note. 

Paul Barbier’a Heater and Purifier of Feed Water. 'Hu* frr*I 
water purifier of Paul Harbier ia com{>o.sati e«eini.i!lr of .t 
of shallow^ cast-iron cylinders, havinj^ tnuvabic |K‘rli»ratc«I irem 
bottoms. They are piled one on another, and arc prtivitlcti with 
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filtering la)-i.;rs of some thickness, coiisistin^^ of such substances— 
'•A’" ^'oki!, piiinice, slujf, smithy scale, etc. — as give the greatest 
facilities for i;untact with the steam, and for keeping back the pre- 
riFitaU‘S. 

I he wattu* enters tlie appanitus by an inlet valve C governed 



Vtu. .H. hr.iirr iukI inirilk^. 


by the lli'.it II acniiditig to the itifn-enient of the water in the 
iipparatii* hy nif-uis nl the vertical nxl K. 

On leaving the tap K, the impure water flows into the funnel P 
which tlistiihutcH it as uniforinly as possible by mean-s of a special 
arrangement over the up|K,*rmcwi filter, from which it passe.s through 
the other filter Itetls int«» the lower chamber forming the water- 
reservoir. I he exhaust steam from the engine come.s by the outer 
tube A through a chest when; it deposits its oil, and then passes 

JS 
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over the water in the reservoir and rises throU{j[‘h the filters accom- 
panied by the steam from J. 

The water is thus clarified and its precipitated matter is run 
off by a discharge valve in the lower part of the apparatus. 

The heated and clarific'cl water is drivt'U !)>' a putn|) through 
the pipe B, which is in the middle of the \vati*rH*<‘st'rvnir, An 
overflow 1) prevents the depth of water in tlie lalti'r Ironi t'xt'eed* 
ing a fixed amoimh cintl the ai)[)aratus can he cIcMiU'd by removing 
the plug M. The taking-down of the lilter rings is faeilitated by 
three rods, (), with nuts, vvlueh keep tlunu presst*tl togetlun* and 
permit of easy access to the ])laU*s and filter-hedN im* eksming 
pur[)oses. 

Henri Carpentier’s Heating Purifier, -d*he iinpme waiei reaelu*H 
a large reservoir A by (he principal pipi* ‘1*. 

From here it falls into a feeding eluimber thniugji pip*^ ( ). ihr 
lower oj)ening of which is providtal with a tap vpivormsl by a th»at 
which follows the lluetualion.s of the watt*r in tlu* « hutnlH*r. 

The exhaustion from the t'ugiiu' is snU tow aid . the fertb 
chamber, into a small elu'st R, iti wiu’eh it leave*-. an\ lubtu ating 
oil it may have brouglit with it. 

This oil flows slowly out liy tin* pipe I), ami I*- taught in a little 
reservoir F. Thus freed from its greasv, the -.team nnes bv a pipe 
H into another catcher H of large* eaipaeaty, am! hirmtal u( a 
vertical cylinder with a ctme at cau'h end. I'lu* upjH*r lia^ 

an opening at the jioint atul eeHumunietates with the* t*pe*n air by 
a pipe ])assing through the* w'ater in the* n‘M*rv«Ju A. 

The lower cone comrtumicateH at its tip with a pipe* I‘ geaug to 
the drains, and provided with a rliscliarge valve. The ^valei to 1 m* 
purified is sent by a small centrifugal pump L to the Imvrr part of 
the feed chamber, and then, driven into the eolurmi F. is poured hki“ 
rain into the catcher B where it meets the steam i-ommg fiom the 
pipe H. The salts in the water (carhtmates <if the alkaline c*arthsi 
are decomposed and settle in the lower cotte of the ealeher th 

The lower part of the cone of this catcher tlierefore fills with 
purified water, which pas.ses by the pipe X into the feed chamlK^r 
and thence to the engine by the pipe M. 

Dervaux’s Automatic Boiler and Purtffir. I)ervaiix‘s auiianaiic 
boiler and purifier is intended to drive the water to purified in a 
column into a long straight telling tute*, in the opiHisiic directinn 
to a current of steam. 

The apparatus consists of a vertical boiling tute B o|Hm to the 
air and receiving the impure water from a re^^rvoir at a higher 
level by means of the valve S. 
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A column of water is formed, which in flowing down the 
narrow boiling tube B meets a current of steam coming from a 
pipe V in the ojjposite, ix., the ascending, direction. 

The current of steam, passing through the water, decomposes 
the carbonates of the alkaline earths, and takes the carbonic acid 
to the suiTace of the water, where it escapes freely. 

In the upper part of the boiling tube, the steam, coming into 
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cH.—Carpentier'* heater and purifier. 

contact with the cold impure water which is constantly renewed, 
i.s condensed, and the precipitated carbonates are deposited. 

The hot purified water pa.sses by the lower pipe C into a 
settling re.Hcrvoir D, in which it .slowly deepen.s, throwing down 
the precipitated carbonates. 

Finally, the purified water e.scapes by the overflow E into any 
suitable reservoir. A simple float F, regulating the admission valve 
S of the water, permits of the intensity of the ebullition and the 
output of purified water being n^lated. To clean or inspect the 
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boiling tube, the door P may be opened ; as for the deposits in 
the settler D they are withdrawn at intervals by the door M. 

Granddemange’s Heating Purifier. — Granddemange's heating 
purifier, built by Ma/cran and Sabron, is formed of a series of 
reservoirs or vessels of iron one on the top of another, and is the 
essential element of the purifier intended to receive the deposits of 
tartar. A serit*s of rings b kept together by rods O and screws, 
form, whcMi plaeetl oiu'. above another, the outside of the apparatus. 



Fm. heater and purifier. 


The cold water to Ik: purified enters the apparatus by the tap/> 
following the level of the purified water contained in the vessel c. 
The steam enters the apparatus and gets rid of any grease by 
means of a catcher g. 

On arriving at the first plate «, and spreading out in a layer, 
the water meets the steam, which heats it, and brings it to the 
temperature which decomposes the salts of the alkaline earths, 
which begin to settle in the upper decarbonating vessel. 

The water heated passes above the first vessel a, and traverses 
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the space enclosed between that vessel and the' section of an* 
envelope 6^ and so on, up to the last vessel 

In its course the water meets the steam, and salts settle in the 
series of decarbonating vessels a. h'inally the water falls into the 
settling vessels dy the width of which causes a slackening of siu'ed, 
so that the salts settle. 

The purified water, run (iff h<it. leaves l)y the dvetilow K to 
pass into the reservoir c, whence it is takem lor dislributiou. 

By the tube u the excess of sU'am escapes, and tiu' tU'ptisils 
which are left in tlic settler d may be taken (Hit by removing the 
cleaning plug c, 

/iemar/cs\ -i. The different ap[)aratus(*s for Insiting water wliich 
we have examined in this work arc serviceable not (hiIv hu' stoam 
boilers, but also in the various industries which nec*d pure waten'. 

2. By the treatment of water In* steam tin* taibonatc's are 
precipitated. As regards llu* sulpliates, tltey may bc' imnapitatcsl 
by adding soda or any appropriate rtsigmit in tin* purifim’. 


XXI. 

INintSTKIAt, IMLTKRS. 

A MI.'l'KU i.s (111 in which liquids arc pa-s-sed through porou.s 

Ixitlics capahlt’ of arresting and retaining all matter in su.spcnsion, 
tlnis clarifying tlu* hhiuid. 

As llltfring inaterial, mineral, animal or vegetable substances 
may he used. ( Irav’id. ground flint, coke and s;ind are the principal 
mineral substances Used in industrial (liters, and to the.se may be 
added |iuiniee stmie, |iorous calcareous stones and asbestos fibre or 
cloth. 

.\s regards animal substances, use is made of felt, sjionges, woollen 
cuttings or chilli and bone black. Among vegetable substances, 
tow or oakum, sawdust and wootl fibre, straw, charcoal and raw 
cotton are especially employed. 

Iiuliistrial fillers are (tiled with one or several of the.se filtering 
materials and llie water to be filtered tr;iver.sc.s them citlicr upwards 
or tlownvviirds. 

David's Filter --Davids (liter is es.seiitially a cast-iron ve.ssel 
with lw«i l.-qis, one :it the top to admit the water and the other at 
the bottom to run it off when filtered. I'he filter is closed with an 
iron cover, bolted on, and is filled with layers of various filtering 
materials e.ich erudoser! Irctweeii [lerforated iron plates. Commenc- 
ing at the top the first layer is a bed of sponge, then a layer of grit, 
next shreds of wiKilIen cloth. After this a bed of bone black or 
charcoal powtler and finally satul or fine gravel. 

'I'o clean the filter the direction of the current of water is simply 
reversed. 

H. Dasrumaux's Filter. In this apparatus the water is intro- 
duced by a piiH* wliicli leads from the main upwards to a funnel at 
the top of tile filter and in the centre. 

The water falls on a distributing plate which spreads it over a 
layer of flints spread over a metal plate supported by a hollow iron 
pillar. In traversing tlm layer of flints it leaves behind all the 
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particles of suspended matter and runs dl’f clear llirtui^^h tlie hollow 
iron pillar to be distributed accordiii}," to re(|uireineiils. 

The deposit of suspended matter of course aecnimdates in Hu- 
layer of flints, and at the end of a certain time the filter must be 
cleaned out. In its passapm Ihrouph the flint layer the \vatc*r finds 
an ob-stacle in the accumulated deposit. It therefore eotnmences 
to fill the up[)er [)art of the filler iuul at la«.t ai mates .t flo.it which 
turns off the arrival ta[) automatieall}-. 

To clean the filter the arrivtd tap is first turned off .nul the rest 
of the water is run off by a two way tap under the l.iy<-r of filterint.; 
matter. The current of water is then revi-fsed .nid tr.iver'.es the 
layer of flints from the bottom upwarils \\ bile the w.iter i-^ forced 



through the flints a handle is tut net! which revolves a larj^je liisc 
with bars which stir up the flints in every dircctiun. I his disc is 
mounted on the central hollow pillar, 

All the deposited solid matter is thus stirred up and kept in 
suspension and is drawn off at the top of the apparttlus, thus leaving 
the filter clean and ready for use again.* 

Dervaux's Automatic Continuous Fiittr.— -In this filter the water 
is led by a pipe A in the tube H to a cloml chamber 1‘ and passes 
through a bed of gravel F on a perforated iron plate 1*. 

Having filled the reservoir V the water rises in the pijie K into 

’ The French author deecrfbee thi* fitter by the aid of a fettered dia^ani which doc* 
not appear In the work.™-TR, 
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the rt!Stn'Vc)ii* R, aiul when it reaches the level N it runs by the escape 
1) and t)Ut l)y tlu* Illlerc'd water tap P. 

If the accumulations of deposit become too ^Tcat the cleansing 
process conniu'nct's auloinatically, 

Not finding a passage through the filtering material the water 
mounts in llu‘ IuIk* 1. connminicating with the closed reservoir C. 
When it innunls in J it falls into a central tube S forming a 



Flu. ej’a, fillet. 

^yphoiL and when once the Hvphon actum is set up the water runs 
%¥ith force, and first sucks Ujj all the sediment into the evacuation 
tube S and next the filtered water from the reservoir R which is 
drawn through the filtering layer from the bottom to the top bring- 
ing with it the deposit which in run off by the tube S, 

The up{>er part of the tube L forming a syphon with the tube 
S communicates with the reservoir R at this level M by a curved 
tube M. When the level of the water in the reservoir R falls to 
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M the syphon is thrown out of action and the filter, clcansetf aiitcv 
matically, resumes its normal functions. 

Delhotel and IWorides Filter.— 'fliis filter is a closed cylinder of 
cast iron two-thirds filled with quartzy sand. 

Curved pipes lead the water into the filter and c.ause u gyratory 
movement. Thus the water stirs up the upper layt'i (»1 .H«iiid, retard- 
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Ful. g9.’'-™Derva«^*^ f'lht;r 

ing theclepo.sit of slime and matters in sus[«‘nHion atui therefore the 
action of the filter la.st.s a longer time. 

To clean.se the upper part of the filter it is merely necessary 
to turn on a tap at the bottom communicating with a central 
pipe. The water rushing violently down this central tulx* into a 
funnel carries with it the solid particles of dciswit in the filtering 
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material and when tlie l)ottom tap is turned off the filter functions 
normally, 'fo clean the lower layers of the filtering bed a tap is 
turned on which leads an inverse current under the sand ; the 
filter bc*d is thus stirred up and the deposited matter is brought into- 
su.spension and eviicualed. 

d'his tap is then shut off and the filter is ready for action as 
before. A special run-off ta}) is turned on to run off the turbid 
water and when il runs clear the filteretl water is run into a recep- 
tacle |)rovi(Ic‘d with a tap tor the purpo.se. 

M. Mt)ri(lt‘ in his wtirk on soap-making recommends this filter 
for use in stmp works. It is pnivided with a system of ppoes and 


liu. im* U«nvia%un% liUrr. 

U|is which .illi.w it u> Ik‘ clfini'.cil dtlu-r with water irotn the main 

cjr filtered W4t«a 

Howatiun*® FHttir* I he filter tfi Ilowatson is a metal cylinder 
C into whieh the water is foreed fojm the mam by the tube A with 
a tap AK 

*1 lie wales iravs'‘t‘»e*% a ficxl of crushed Hints, of suitable sixe, 
resting on a gr«>uved duiible lioitoin cast iron vvhich is (icrforatcd 
with a large niini!j^^*r of lusles oi 4 mm. in diameter. 1 he total 
area ol Uirn? ei|ua! in dimension to that of the draw-off cock h. 

Passing liifough ihe filtering l,icd the water is freed from 
matters m ami is drawn off clear at h. ready for use. 

llic clean-one of the filter is done by shutting the tap and 
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and I P are shut Idle draw-ofT cock C is opened to evacuate the 
wash water and when this is shut the filter is ready for work again.. 
It is merely to reoiien the tai) A* to run the water into the apparatus... 
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Bwmn'i Industrial Fllttr#— This filter it a metal mt into which 
the water k forced at the lower part C by the pipe A* The current., 
has a mini mu 111 pressure of i metre. 
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The water traverse.s the compartments 1) contuinin}' the filter- 
ing materials which are packed in firmly ami held down by a ine'tal 
:grating. After filtration the water is run off at an outlet hi at the 
top of the reservoir, h'.vcry two nioiiths, or thereabouts, the filter 
is cleaned. To do this the outlet IC is closed and the water is forced 
upwards as far as po.ssilrle. ’I'hc tap Iroin the main is then shut 
off and the draw-off cock 1' in the lower part is then opened. 

The water rushes through the filter bed and escapes with force 
at F carrying with it the impurities, the slope of the bottom of the 
Alter aiding tlie oiiemtion, The taps are tigaiii set .is before and 



Km. til). Rhilipj>F‘» fillet. 


the filter is ready for work again. To cleanse the filtering tn.tlerial 
thoroughly it is removed from the inner cases and washtsl in run- 
ning water. 

A. Philippe’s Mechanical Fllter.~™Th{! mechanical filter of A. 
Philippe differs completely from the precetling. It consists of a 
reservoir of metal A into which the water to te filtered is run by a 
pipe furnished with a tap. 

The water traverses a series of removable metal frames matic of 
a peculiar metal trellis-work covered with frockets of filtering cloth 
•of cotton, woollen or asbestos, according to the nature of the lit|uid 
to be filtered. 
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The upper part of the pockets I) is open, and is furnished with 
a su[)i)lc ta^^ 1" by which the pouches and their metal frames E are 
fixed to the cover H, forming an exterior joint. The cover B has 
o[)cnin^s by which Ihe pt)ckets I) or filtering ba^s are introduced, 
'fhe watcM* traverse's llie filtt'rin^^ material and freed from its 
iini)urilies rises in llu' pockets and flows into a movable cap G. 
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Fit}. 1(13,— Philippe’s hUer (lateral 
Haction), 


Each of the bags is provided with one of these which is fixed on 
while the filter is in action. 

The filtered water runs off through the tubes I in the caps G 
to a collecting funnel K frenn whence it is carried to its destination. 
The caps are held in place an the upper tags F of the pockets by 
the screws and nuts H. 


Mm 
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To change the pockets it is merely necessary tn shut off' the 
arrival tap, slightly slacken the screws 11 and lake ti(f the caps (!. 
The pockets can then be drawn out and easil\- replaced. 

The impuritie.s caught by the (lllering tissue are only lightly 
adherent. They fall to the bottom of the reservoir .\. whence they 
are evacuated by the driuv-oll cock iit the bottoin. .As' lor the 
frames they c;in be casil)' cleansed by taking tlieni and washing 
them in running water. 

The arrangement in the form of :i gutter nmnd the cover H 
prevents any mi.xture of the (iltereil with the non tiltered water; 
in fact if the movable caps (1 tire not Ihved, iiccideiitally or purposely, 
the non-filtered water ctuinot rtm olTby the tubes 1. U is diverted 
into the gutter round the cover and runs off on the outside. This 



“m filirt, 


makes the operation of the filter tt simple mailer. .A thin Htivant 
of liquid is sufficient in working with this filter, 

Muller's FIIter.~The filter of Muller is a rn tanguiar metal vat 
in which are .suspended from the iron cover l»y a sjH-cia! at rangmiumt 
a serie.s of two, four, six or more tjuartettes of flat poekets of phish 
or of smooth tussue. A movable cover, furnished wiiti a counter- 
weight, i.s hermetically closed f>y means of a rim of ituliantblier. 
This cover has grooves or gutters making a coinrmmicatita) 
between the pockets and a flangerl pipe H which is a {»arl ttf the 
movable cover and thus preventing tlie unfiltered litjuit! from 
mixing with the filtered. 

The water from the main i.s led into thtr filter by the tap A at 
the side and traversing the pipes rises in the interior of the jaickets 
and runs off clear by the pipe B. The heavy sediment falls into 
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the lowtn pill t of llu‘ rt'servoir and is evacuatctl by the draw-off cock 
I), To clean the })ockcts the current is reversed. The taps A and 
H tU e fiisl shut, then, aftcM* cin[)lyiu^ the filter by the draw-off cock 
I), the vvMsh»\vatcu is foiccd in thrcuiR'h tlic tap at H and the ini- 
()iuitics tUt: waslu'd n(f ilu‘ pockets and, falling to the bottom, run 
off with t!u‘ water al I ), 

1'he taps are ilusi turned to their first positions and the filter is 
in working** order aRain. 

Filters with Spongesi -Sponges, which wc have mentioned 
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l-’it*. t«7, ■■ H Mpatige filwr, 

armnij' inaleriiils, are u.secl in a large number of industrial 

filters. It is easy tu arrange tlie apparatus so that the sponge, or 
analogous malerial such as cotton or wadding, can be compressed 
and thus its filtering t|ualities can be improved. By allowing the 
sponge to expand the filter can be rapidly cleaned by forcing 
the water through it from the bottom upwards and running it o ff 
with the impurities. The sponge filter of H. Desrumaux is well 
arranged for this puriwse. Ferret’s filter is a long trough of cast 
iron in which cotton is tmeked as the filtering agent. 
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The cotton is in the form of cloth tightly holt! in the fnuncs of 
perforated cast iron and resembles the leaves ol .t book. 

The water passes from tme tmd to the other ami is freed from 
its impurities by the cotton cloth or by sponge, it that he sub- 
stituted. The filtration is (•omineiiced by allowing the deposit to 
settle mechanically. The water is then decanted into the a[)patatus 
and the filtration is completed by the physical <-licct <>1 the porosil)- 
of the material. 

Filter Presses, — 'I'hc principle of the liller press depends upon 
the fact that the filtration is the more rapiil the l.iieer tlie filtering 
surface and the greater the* |iressiire lists!, 

Filter presses, although they are eiitphn tsl t hietly in tlislilleries, 
candle-works, sugar-works and breweries, are .ilso used in pniifyiiig 
water and in .separating out the |ireci|iitates in residuary waters. 

'I'hc water to be filtered is pinnpetl int<i a series of vats the 





lateral sides of which have perforated |»lates «n ereti with the (ilter- 
tng cloths. In this way the muss tti lilternl is innrd l>y the 
pre.ssure through the filtering cloths atnl tlm li«iuid p.irt h separated 
out. 

As for the solid matter it remains in the vats and is emptied 
out in layers. The filter press of (». t'ambray has hamrs and 
grooved plate.s which obviate the einployineiu of jH-rforated sluscts. 

The.se plates have no outlet ami the filtering cloth Is placed over 
them saddle fashion, 

In order to make the work ea,sier the plates atitl frames have 
handles. The squeezing action is ubtaineil b)* means of a centra! 
screw worked by a .system of Cfjg-wheeis, ’I'aps are arranged at the 
front end and at the back of the press to allow the air to escajn;. 

G. Leclaires filter press made by the Societedes Ktablissements 
Mdtallurgiques d'Onnaing has a series of plates kept in {Kwition 



Fio. no.— Cumbray’s fiUet press. 

The easy run on the carriage way allows one man to work the 
machine, and by the system of squeezing a very energetic pressure 
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is assured. I he filtered licjuids run off by a series of taps com- 
auinicatin^»‘ with the Vearious plates and are collected in a reservoir. 

Mins filter can he (ittecl with an arrangement by which the 
filtration is effected by means of compressed air; in this case an 
air~i)mnp is used. 

1 lie li(]iiid to he filtc‘red flows into the air-pump and is driven 
hack into tlu* filttu' press liy the pressure of air. We give here an 
illustralitm of an installation comprising one of Leclaire’s membrane 
air-pumps and rc‘gulator coiniectecl vvitli a filter press like the last 



Fiti, it4. JMani tar Lt-^cbircV filwring liyittsm or membrane pump and regulator. 

■clescribeil. Hy means (jT the regulator the pressure can be exactly 
determined and a constant force assured. 

When the pressure is at its maximum in the filter press the 
membrane of the pump Ixjcoines immobile; the plunger continues 
its alternative movement and forces the water to pa.ss from the body 
of the pump to the regulator. 

At each stroke of the pi.ston the pump i.s automatically filled. 

Solden's Special Fitter for Greasy Waters.— This apparatus is 
u.sed in America for filtering grea.sy waters from steam engines ; 
its utilisation in the navy has been described by M. Ortolan. 

The filter is a series of eleven compartments. The first of these 
m filled with lime which enters into combination with the oleic acid 
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in the greasy water, and the„» oleate af lime thus (armed risers to the 
surface and is skimmed off. 

The second compartment contains cake held in lH*tween 

two sheets of copper. In the third and hiurth rnin|jartrneiits are 
frames covered with felt. The fifth coruains rakc% thr nixth, Hcvxmth 
and eighth frames of felt and the ninth coke*, llu* tenth cunijnirt^ 
ment is reserved ('or the purifietl water. 


(MIAPTKR XXII. 

tNnUSTRIAL STKKILISATION OF WATER. 

In ihc nmnufaclure of vurioUK beveraf.(cs, mineral waters, for instance, 
anti of ices, it i.s necessar)’ \a sterili.st* the water, 

Two inethotls of sterilisation may l)e employed : — 

I. Pliysical action* 
j. (‘hemical action. 

1. Sthkillsation hv Phvsioal Action. 

By Filtration* \Vv need not describe here the very numerous 
filtering *ipplianct*s which are constructed on the principle of re- 
taining tile inicro'organisms by inean.s of porous bodies. VVe will 
merely insist on tin* necessity of keeping these filters absolutely 
clean, I'he filter must In* cleansed as often as necessary, otherwise 
the micro tiiganisms will accumulate in the pores of the filtering 
matter au«l it will beenme a veritable colony of rniernbes. 

By Heat* Numerous eKperirnents have proved that a sufficiently 
high temiieralure is destructive to microbes, We will instance the 
experiments of Mitpiel and Wada in proof of this, 

Experimenting witli the water of the Ourcq, which contains 
4Ck),HcKJ microbes to the cubic centimetre, Wada obtained the 
following results, slunving the bactericidal power of heat 
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It is sufficient therefore to raise the temperature of the water to 
too'' C for ten minutes to kill almost all the germs it contains. 

But Pasteur proved the remarkable fact that whereas water 
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raised to lOo" C. loses nearly all its '< «!“' tenii.cr.aurc is 

raised from no to 120" C, im organism rein.iiiiH, h is evident 
therefore to ensure comiilute destriu tiori of the s;c-tiris tfie water 
must reach a temperatun; of about 11 t . 

A number of apparatuses have been iiuentci to sterih-.e water 
by heat. Wc will cite to 1.05,011 with the pnie. te.l .ijip.ir.Hus of M. 
Jules le Wane, a Paris etiKineer, ttie inventor of the weilduiown 
steam-disinfectinp; apparatus. The sterihsi'r of M. Iliam ha*, proved 
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in experiments made before several Commissiuns on Hygicniis that 
the perfect sterilisation of water can be obtainwl uinler parlicaihirly 
advantageous circumstances. 

In the steriliser of Vaillard and Destnaroux the water to lirgin 
with is clarified in a filter D, then passes to a pressure regu!at«'r M, 
then to a temperature regulator F which stops the cireulatiiwi of 
water in the apparatus when the necessary' temjjcratun? is not 
reached. 

The water leaving the rt^ulator F enters a sjrecial vessel A 
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called an intcrchatiRdnijf recuperator, and from there it flows into a 
second interchanfj;inL' recuperator B, like the first. From here it is 
conducted by the pipe T which is in connection with a coil of 
tul)inj,( inside tlie boiler C! cotnimsed of eight rings superposed and 
intcreliangeable. 

I lie water circulates in the boilci’ (! at a high temperature the 
necessary time to sterilise it com|)letcly, then rises to the top of the 
a[)i)aratusand runs down the tube, following the arrow in the figure, 
into the recuperator U and from thencO into A, thus reversing the 
first onU'r. h'inally the water leaves A completely sterilised. 

It will lie noted that in its first pas.suge the cold water receives 



Fit}. it.|, lltHHhtrd, Kgrot and Orange’H ntsw paataunser. 

in the reciijierators A arxl B the heat of the sterilised water leaving 
the boiler C. Flius it enters the boiler at a temperature of about 
100" C. and the boiler need only raise this a little to obtain com- 
plete .sterilisation. Thus robbed of its heat by the entering cold water 
the sterilised water leaves the apparatus at the normal temperature. 

Hnutltirtl, Fgrot and Grange’s steriliser or pasteuriser, much used 
for wine and the juice of grapes, can be used for any liquid and is 
very suitable for water. It is composed essentially of two parts : — 

1. A sy.stcra of tuixis forming the recuperator and heater. 

2. The accessories, that is to say, a motor, pumps, warm water 
reservoir and regulator. 
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The liquid to be sterilised is rapitlly fcucrd by t!tr at a 

certain pressure into the lower part of the systetn of arid in 

rising into the upper part is heated by eontaet with tlu* hot litjuid 
already sterilised and circulatittg in the cjpposite dircTtitui, 

By a special arrangement the tubes this exchatige of iem« 
peratures is easily efTected. M‘he tuliular reeiiperator in formed of 
pairs of straight tubes ; each of tliese contaiiiH a reinovalde series 
of smaller tubes ending in a box which piitn them conununica- 
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tion. In this way two eirculaticjns art* •id »j». mu- (nittidr tlw 
smaller tubes anci the other within. 

After leaving the system of tub-s the li<niai rtM-i int*. the 
heater composed of tubes arranged like the ollirr-.. 'I*he>.e e«>m 
plete the sterilisation at the necessary temjH-r.ttnre which is i.h. 
tained from a hot-water boiler I>elc.w' This b.iler is heated hy 
steam from the boiler of the motor which wurks the jnim|w, 

The hot water is led to the upper jiarl of the reservoir hy a 
special pump and forced at a certain pressuie into the heater, t«> 
teturn again to the lower hot-water boiler by the iiiterm«iiary of a 
vat mounted on the upper part 
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Rei,nilatnr.s control the delivery of the liquid and the amount of 
heat necessary. 

I he llouciard, h-ijrot and Granj^e steriliser, when sheltered from 
the air, allows a sterilisini^ temperature of from 115'' to 130° C. to- 
be attainetl. 

One type of jiastcuiriser is mounted on wheels for easy trans- 
port. ‘rhis type is e.specially employed for sterilising casks and 
heating \vint‘s. 


J. S rKRU.ISATlDN HV ClIKMK'AL ACTION. 

'Fhe proct*sHt‘s (jf chemical sterilisation dei)LMid upon the action- 
of agents capable t<f an energetic oxidising action. 

Ghloridt' oflimt*, iotline, bromine, permanganate of potash, per- 
manganalr td' linu% ptToxide of chlorine, arid ozone have been 
suggested for tile slc’dlisiition of water. 

By Permanganate of Potash, rennangauate of potash is rich 
in shown by its formula, KMnO,,. It possesses the 

power tif oxidising tnganic bodies. 

I'his enaldes it to act as a steriliser by destroying the micn^- 
organisms. In using permanganate of poia-sh it is simply added 
little by little to tlu^ water until the pink tint produced no longer 
disiippears. 

One of the drawbacks of using permanganate of potash is that 
the hydrate tjf puiash remains in the water after treatment. 

By Permanganate of Lime. Ch. Girard and Hordas suggc.sted 
the use tif calcium [cn'inauganate. l*his agent In the presence of 
organic matter in the water is decomiiosed into oxygen, oxide of 
inangaru^se an*l lime. 

*rhe |>ermangaiiic acid set at liberty oxidises the organic matter 
and is reriuced to oxide of manganese, As for the carbonic acid 
iiriHing, from tlie iixidation of the organic matter it combines with 
the lime luid hmns chalk. It is necessary to get rid of the excess 
of {RTmanganate of lime ; this is done by transforming it into bin- 
oxide t»f manganese by the aid of a lower oxide of manganese. 
The binoxide of rtmngiincHe thus formed may be reduced in its 
turn by the organic matter in the water, passing into the lower 
oxide which may te used again to reduce the excess of perman- 
ganate which again becomes binoxide. 

A little charcoal may te added to the lower oxides used in order 
to facilitate agglomeration. 

It has l>ettn shown that i.>ermanganata of Hme in a neutral or 
slightly acid solution sets up a physical action. It has the tendency 
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to form a sort of lake with the or^iaiiic matter ami thu-« this is 
•deposited and destroyed toj^cther with the miiTinirj.;a!iisms of the 
water. 

By Peroxide of Chiorine. --Water may aiso in- steriiisfil with 
peroxide of chlorine, a [irocess iiivetUeti by 11 . .uui A. Heiyte, I he 
peroxitic may be used cither as a j;as or in sointinu. 

To prepare peroxide ofehloritie chlorate of |iola*.li i-. acted upon 
at about 15“ C. by sulphuric acid of 1711 S. (i. 

I’eroxidc of chlorine, pcrclilorate of potash ami ^valeI aif tluis 
■obtained : — 

3 KClC),j + 3 H.,St)^ .Kt'lC), f AlxilSt), t iCU>. » !!.(>. 

This reaction is complex and tlic peroxide ol cliioniie i'^ runneti 
by the decomposition of tin; chloric anhydride, u iiit h t inm-» fnnn 
the chlorate of potash : 

CU), 

It will be seen that in this rctietion free oxygen is also nbtaineti. 

In sterilising water the pcroxitlc of chlorim* acts tui tiu' xijpuiie 
matter as an energetic oxicl.ant without intrcHhicing hasii- salts into 
the water. Hy the first reaction it will Ik’ seen that a gramme of 
chlorate of potash gives *367 of a gramme of per«ixiilc- of ehlorine. 

For ordinary water an average of front t to »' grammes of 
peroxide of chlorine i.s needed, that is t<i say t to .? milligrammes 
per litre. According with the theoretical fortnula therelore a quan- 
tity of chlorine varying from 'O035 to ■cxiyti jK*r litre is a«ided to the 
water. This is from 20 to 40 times less than water which passes as 
•only slightly chlorinated. 

In practice the jteroxide of chlorine is adilwl t»» the water in 
slight excess in order to ensure the complete destruction «<( all 
germs. As a test a solution of iodide eontaining starch is used. 
When the addition of this to the water produces tpiickly a blue 
•coloration sufficient peroxide of ehlorine is present. 

By Ozone. —Ozone as a sterilising agent has teen exj>erimentt?d 
upon for the past few years by Drs. Roux, (’alineite .ami Van 
Ermengen and by Houzeau and de Litynes. 

By the reports of the.sel experiments, pubtishwl in the AnhuUx 
de /* Institut Pasteur^ it is evident that ozone must te looked on as 
a powerful germ destroyer. The ozone not only destmys etjinpletely 
all microbes and organic matter, but also improves the w'atvr very 
•considerably by its energetic aeration which does not rob it of any 
of its useful mineral constituents. 

By ozonisation the water acquires keeping qualities which pre- 
serve it from ulterior pollution. We may add that ev'cn waters 
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lKilUilc‘(l hj’ dirayiti}.;: matters fVcm middens or water-closets have 
Ik'c'U reiideri'd wholesome hy a treatment with ozone. 

'I'lie industrial treatment of waters by ozone has been prac- 
ti.sed ; 

hi I' ranee by C,. St'),niy, Otto, ICck, Abraham, Marnier, de 
Siiitil Martiu, Aiutrt'oli, and Pati'n. 

In ll(»llantl l>y Baron 'I'indal, Schncller and Van der Slcen, 
In (naanany hy Ohlinullur, Siennens and Ilalske. 

In 1H95 1 indi'd cwhibilc’d an appnraliis for sterilising water by 
o'/,(nif at llu‘ Health Hxhihition in the ('hamp dc Mars at Paris. 
Thv Munirijml C‘t»uncil of Paris voted ^^5,000 for the installation of 
a |)lant at Saint Maur to deal experimentally with the water of the 
Seine hy f»/<»ne atul capable of treating 500 cubic metres of water 
in Iwcmtydbur lunirs at a maximum expense of 2.1 centimes per 
t:ubic uu‘tre of sterilised water. 

Rtaently experiments have been made in Germany on the 
ozonisatit.n of tlu‘ waters of the Spree at Berlin and the results 
oblaiuecl have* bevn nnist conclusive, 

'Phe sirt ili*.ation t>f the water is done either by direct oxonisation 
nr by hllralion Ibllowed b)“ treatment with ozone. 

d he* laws which regulate the prcaluction of ozone according to 
a conunnnicati(«n al Gaston Seguy to the Academy of Science in, 
1885 pit*sc*ritetl hy M. Sdnil/euberger may tliu.s be stated 
d lu* quantity oftn/cme produced 
1. In direct rati«) with the tension of tlie current used, 
j. In duet 1 ratiti witii the luimlnT of producing surfacc.s. 
j. In inverse ratio with the thickness of the cli»electric body 
interposed hetween tlu* two [>oles and with its conductivity. 

4. In ratit» witli tlu* number of [lassages under the influence of 
thc‘ t urrefU, it heing given that three is the maximum number to 
c* (Tec t s u j rsa I n ru lion, 

M, (i, St’gtiy nue4 Ik* credited a.s the inventor of the first appa- 
ratus fevr tin* industrial |iroduction cjf cjzt ne and also as the first 
experimenter «jn this method of sterilising water. 

l‘he |*rneiatc»r of M. Seguy, known as the ozone siipersaturator, 
allows large c|uant!ties of t zone to be produced and supersaturalcd 
owing to a device which makes the oxygen pass several times 
under the influence the electric current in the course of its 
trarmforniatiori into ozone. 

Seguy's apparatus is composed of a dynamo J producing a 
continuous current wdiich is transmitted to the transformers E, 
The liiternations are regulated by a vibrator F. 

The high iKJtential current is led to the ozonising tubes by the 
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jings B and B“. The air to be ozonised enters at M ami the ozone 
produced comes off at A. 'I'he ozone generator works with a trans- 
former of very high potential ami produces 154 milligrammes of 
ozone per minute. 

The oxygen, transformed into ozone, runs in Inilibles on a 
sort of sieve of almninium which distributes it in the w.iier to be 
sterilised. A ga.soineter is pnwided to collect the ozone when it 
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has done its work. It is then in the form of oxygen which may 
be retransformed into ozone by the electric current. 

In a note to the Academy of Science and a comtnunication 
fo tlie French Society of Civil Engineers, M. Otto descrilKJH the 
phenomena of phosphorescence which are pnaUicwl when the 
microbes and organic matter are destroyed by ozone. 

He shows that : — 

1. In certain conditions there is a vivid luminosity when the 
lozone comes in contact with the water. 

2. This luminosity is proof of the destruction of the germs as 
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it is not i)r()tlucccl in inirc water. The appaivatus for the sterilisa- 
tion of waU;r on a larp:e scale described by M. Otto is characterised 
by tlu! ein|)lo3-nu!nt of emulsifiers serving to produce a perfect 
contact of the o/.one with the water by forming a ijerfect emulsion 
■of the sterilising bod^' with the water to be sterilised. 

This eimilsilier is fornietl of two cones running side by side 
with the a|ic>: of the one against the base of the other. 

The ozonised air is led by a pipe to one of the cones and the 
water to llu' oilier. It is delivered in a thin stream and is thus 
quickly acted upon h\' the ozone. On leaving the emulsifier the 
action of the ozone is completed by ctnitact with the water in a 
special form of steriliser. 

These sterilisers are formed of a number of flat surfaces of 
large area, the number of these varying as a rule from 20 to 50, 
according to rwiitireineiits. The water already ozonised is spread 
in a thin .sheet on the highest plate of the apparatus. The plates 
have outlets surrounded by rims which keep a layer of water con- 
stantly on the plate. 

On leaving (he emulsifier the ozone escapes at the upper part 
and enters at the bottom of the steriliser, traversing the first plate 
by the outlet just deserilied, then the .second plate in the same 
manm*r, and so on to the last. The outlets in the plates are so 
arranged that the water in [lassing from one to the other takes a 
zigzag course from the top to the bottom, meeting the ozone, the 
current of wliiclt is flowing from the bottom to the toi), where it 
c.scapcH by an outlet pipe. 

The sterilised water runs into a revservoir below, from whence it 
i.s drawn by a system of pipes. 

The t'oiintagnie de l‘Ozone at I’aris have a .series of apparatus 
specially constructed for llie preparation of table waters and steril- 
ised ice. In sterilising table waters the empty bottles are brought 
by eiulless carriers intf> [Kmition in tlie filling and stoppering appar- 
atus against a bar of bronze. 

The wjiler is saturatetl with ozone in a .special form of mixer, 
which ctmsists «)f three glass cones running in the same bearing. 
This works exactly in the same way a.s the emulsifier which we 
have just descrilxjd. The water is forced into the bottle, charged 
with a large quantity of ozone, and thus not only the water is 
sterilised but also the brittle. 

When filled the Ixittles are led away by an endless cloth. 

In the preparation tif sterilised ice, the apparatus used works in 
a similar manner, but it is arranged .so that the stoppering of the 
bottles is done automatically. 
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In 1898 experiments were undertaken by Mannier and Abra- 
ham at the forcin^^ .station for the water of ihe ICnunerin at Lille, 
with a view to sterilise it witli o^^one. 

The installation consisted of three plants ; 

1. For tlie [)r()duction of the t‘U?ctric current. 

2. For the production of the o/.(MU\ 

3. For the sterilisation of tiu* water. 

The electric current produced [jusses intcj a transttinner uf !ii^;h 
potential, capable of ^ivin^^ 40,000 volts and more. 

The ozone is produced l.)y two ap|)aratuses by an ozonistu* atul 
a dedagrator. A scries of sparks play between the branclu^s tif the 
defla^rator, assuring a regular [KUential lietween tin* pules uf the 
ozoniser. 

As for the ozoniser, it consists of a metallic cFs tftidta a sheet 
of glass, a space, a sliect of glass, an electrode, a sheci <»f glass, a 
space, and so on. 'I'he first electrode is in coinmunicMtion with 
one pole of the transformer, aiut the sectaul with tlu^ other jnde, 
and so on, and the electric currtmt Hows in the Hpaern Indween 
the glasses. 

Leaving the ()Zf)niser, the ozone passc*s on to a laryt’ column in 
stonework, in which the water io I,h! stcTilineil i:ircnlatt^*4, 'litis 
after treatment collects at the base cjf this isilinmn 

The patents of Abraham and Marmier are worked by the Sucietf 
Inclustrielle dc rOzone. Trials nmlv with llu* appatatiin fur tin* 
production of ozone of Fck and Latin shtnv that more titan five 
cubic metres of Seiiuj wattw can be sterilist^l hn eat h luir^ie huur 
employed, Andreoli has made an aluminium uzuneaa ,, proilut inr» 
too grammes of ozoru'or tlitaa'abtHits per har^r^^hum with a *»light 
rise of temperature, llte great germalestnictive puuer of u/mie 
should make atgtlicmion of this gas as a sterili'4.*r une of the m«»Ht 
important questions of tlie day. 


PAR'r IV. 

RI'SIDP.VRV UWI'KR.S .AND THKIR I'URIFICATION. 

RKSIim.vUV u’iitt'i’s viiiy in ciiniptisitioii not only according to the 
■class of imlnstry iirodiiciiig them, but also according to the particu- 
lar methods and pmccsscs used in the works and the quantity of 
water emitloj-ed, .Some wcjrks e.iui extract useful matter from the 
residu.iry waters econuinically and [irofitably. 

The treatment uf conrse varii'.s with the circumstances, but the 
purification methods adopted may be broadly ckussified as (i) 
I’urification by tin* soil ; (2) Chemical purillcatinn, and these are 
sometimes euinhinetl. 

In studying soil filtration, which has given such .satisfactory 
results in the treatment cjf sewer water, we are face to face with the 
great question of the sanitation of towns. The .soil does not always 
lend itself to the nect'ssilies of the case, and the residuary waters 
must often be treateii by chemical or electro-chemical proce.s.se.s. 

.After having passtsl in review the pr()ces.ses in general use as 
for instance in sugar-works, distilleries, starch-works, paper- and 
bourd-miils, tan yarfis, etc., we will point out the method of recover- 
ing certain resirlues in tlye-works anti fnnn the waters used in soap- 
making We will then cottsider the treatment of soapy waters, 
which are the principal reskhtary Ikiuor.s in a large number of 
intlustries, as for instance in wmillen factories. The treatment of 
these is generally veiy prt»fttable. 

'rhe treatment tif these soajiy waters inu.st be considered under 
two circumstances, at the works themselves or at a central collect- 
ing station like that of t'lrimonpont, which deals with the waters of 
the Kspierri!, the great drain of the north of France. 

The puriheation t>f the water of the FIspierre, an acute Franco- 
Helgian question, has been the object of numerous experiments 
for many years past, and it «rill be useful to consider these as they 
throw a light on ejthcr problems of the purification of residuary waters. 

Finally, we will finish the third part of this work by describing 
how certain profitable substances are extracted from soapy efifiuents. 
17 ( 357 ) 
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Purification by the soil or liy irrigntinn lamuit always be 
employed. Certain waters, .such as those of llu- KHpjerre, are freed 
with difficulty from the foreign matter \vhit;h they contain, and suit 
filtration is extremely troublesome. 

The nature of the soil is an iinportiint factor, and is often an 
obstacle in this method of purificatittn, as for instance in the Kast, 
in the districts around Koubaix and Tounatiny,. The ilivers in- 
ternational and inter-comiminal conunissions which have; sat to 
consider the question of the I'isfiierre, have jtronounced categoric- 
ally again.st soil filtration. 

On the other hand, irrigation is one of the Ik^hI nie.ins of treating 
sewer waters, as for instance tlie effluent which is diverted over tlie 
plain of (lennevilliers. 

In the period between 1HK7 ami taking an average of 

analy.se.s, the results obtaincfl have heeti ashtllows: 
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On an average, during the year 1895, these* <Irain vvatiTs •.liowetl 
the following number of microbes per cubic centimetre: 

Clichy . 1 4, j^^av***** 

St, Ouen . , , . 

Gr68illor\8 , Hiki 

D’ltpinay . , . 

In the peninsula of Gennevilliers tlie divertetl waters ilo not 
exceed 40 , 0 CX 5 cubic metres to the hectare, ami have the following 
composition per cubic metre : — 

Phosphoric acid , , 41 

Nitrogen . * 

Potash 47 
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According lo M. Ducluux, i cubic metre of sewer water con- 
tciins the StUiu* ([iidulily of fertilisitig principles as lo kilogrammes 
of farm mamire. 'flu; sewer water spread over the plain of Genne- 
villiers tlu-refore may he estimated as equal to 400,000 kilogrammes 
of manure, witich is twenty times more than is necessary, as the 
highest culture doi-s not exact more than 20,000 to 25,000 kilo- 
grammes. .\ large part of the ixipulation of Paris is supplied from 
the agricultural products obtained. 'Phe vegetables are most excel- 
lent in spite of tiu! prejudici;s of the public when they know that they 
come from (icniicvilliors. 

Thv, mutUn’s in the stnvcr water are transformed under the 
influence of microbes into substances which form a part of the 
natural food of piants, and the i)rejudice is a mistaken one, as the 
a^^ricultural products arc not impregnated with the primitive sub- 
stances. 

llu* results obtained have been so satisfactory at Gennevilliers, 
that a ctjusiderable enterjirise has been carried out in diverting the 
sewer waters of Paris on to the plain of Acheres. 

'fhe plain of ( lennevillicrs, formerly uncultivated land, has 
becofiU! eKtrtsnely fertile, for, in treatment by the soil, the water 
filters through the p(*rmt‘al)le strata, leaving behind it the matter 
that was in susptmsitm, the organic matters are then submitted to 
the influence of oxygen ami of the ferments which assist in their 
nitrifu'atiom 

iNitrates are thus jirotUiced assirnilisable by the plant, and the 
water is purified by the al)anclcnnnent of its fertilising principles to 
the profit of agricullurt*. Sewer water contains these principles in 
large [iropfjrtioti. l*he soil is also cni[floyed for filtering purposes 
l>y works in country places near cultivated fields. Starch works 
and (listilleries, for instance, trt'at their effluents in this way. 

Ihvcj considerations arc irtvolved In the method of i)urification 
by irrigation, filtration arul oxidatiom Both these phenomena 
must 1 k! conHidt^retl in examining this method. 

Ah the filtratirm tlepends upon the permeability of the soil, this 
must be sulTicieritl}* [lermeable to [jermit a rapid filtration, and the 
degree of [mrirication of the water also depends largely upon this 
permeability. In its passage through the soil, the water is freed 
from the various organic arul mineral matters which it holds in 
solution or in susiHmsion, and also abandons jmrt of the organic 
germs which it contains. 

This filtration h test effected in soils which have a uniform 
permeability, and which consist of sand or gravel, or a mixture of 
these with a little clay. The oxidation should proceed rapidly, the 
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organic matters being oxidised under the Inlliu^ru’e of nitrous and 
nitric ferments. 

The water to be purified should he as much pnssil)|e in 
contact with the oxygen of the air. This is \vh\‘ the irrigation 
method requires a large surlat:e area. 

A good permeable ground will purify an average r»f from fio to 
100 cubic metres of water per hectare in tweni)"»fonr tunirs. 

Some manufacturers have a certain praclirc* uhii h hIiouIcI bt* 
absolutely condemned. We havt' seen some rlislillerir'* deal with 
their effluent from the filter presses by tlraining it iiiioan uiu'ovcred 
pit, from which the liquid was diverted into the stream. ! he filtration 
was done in a dtqilorahle way under the worsi po^Hilile MinditiunH 
for health. 

These decanting pits rapidly fill with stagiiani mallrr and be* 
come cesspools, 'Fhe putrid fmaueulations ^el up make- them a 
source of infection, dangerous to the puhlii: Imalili, and moreover 
the liquid is run ofTinto the stream in a •^iate of a^ li\e lernieniaticMt 

If soil filtration (iroperly ennployed frees the- water Irom the 
soluble organic substances in it, ami destroyH ihi* living mganHins, 
it cannot be afiplied, it will be seen, in all diHirn u. to the residuary 
waters of all industries. 

To meet this difficulty the enUunU is ufien ^ailnnilled ti» a mixed 
treatment A chemical purification is ftr^a leHiaied n* and the 
irrigation proce.ss then finishes the purification, Ur^admaiy waters 
are also treated by chemical processiiH alone, and wr wilt [iDn'eed 
to describe these. 


CHAP'riCR XXIV. 

IH KII'leA'I ION HV CIIKMICAI, I’KOCKKSKS. 

RiVl'k.s anti ,slri-ains lirotcclw! by .statiite.s, by-lavv.s and regu- 

lalituis. nianulat tiifi-rH cainuit run tlidr ufTlucnt into them without 
first bringing it intti the tiusired condition. 

Worlvs tarrying on dangtrtm.s or in.salubriou.s manufactures 
are c.specially bounti by rigorous regulalittns in the matter of their 
emueiit. h't inetiim s, as in the ease of the K.sftierre di.strict, the 
neighbtiui ing wta ks run their water directly into a collector. Thence 
there are tuo methods of |)urificatinn, the one con.sisting of the 
treatment of the water at the facttxy itself, in order to run it off 
clean and whole.sr me, and the other in treating the effluents of 
many works at a coinmon ctdlecting ba.Hin. 

Tliese two methods are be th in oiieration in tlie K.spierre district, 
as some of llie manufacturer.s find it to their advantage to treat the 
waters at their own woiks, in order to recover the useful substances 
they contain. 

Woollen-wot ks in particular can purify their effluents very 
I>rtifitably, extracting from them potash and suint, in a proportion 
tl iitnuah IT ore than coveis the co.st of treatment. Waters con- 
taining fats free ttr in combination are subjected to recovery pro- 
cesses, which of course art* only profitable if the cost of treatment 
Ls les,s than the value of the recovered sub.stance.s. 

If the matiers extracted from residuary waters do not pay the 
cost of treatment, manufacturers are content to purify the effluent 
by rithling it of these sub.stances or by tran.sforming them into 
harmless matters tefore running off the effluent into the stream. 


I. I'uktFifATiuN OF REsinuAkV Waters from Divers 

SOURCK-S. 

Schloising's Proceat.— Three c-ssentia! principles are found in 
midden waters : phosphoric acid, potash and nitrogen in combina- 
tion. The phosphoric acid is almost entirely contained in the solid 
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matter ; the nitrotjen is in the amiiiiuti.i and thin in parlit iilar must 
be extracted from the midden waters, 

By Schloosins’s process this ammoni.t is preeipitated in the 
form of a phosphate of ammonia and maptiesi.i whieli is v«M y useful 
as a fertiliser. Iiustead of ohlainins' tliis snlsstanee by nsnij; phos- 
phates or magnesia salts, which are esiK-nsive pindticts. phosphoric 
acid and magnesia, free or combined, are used. 

By adding phos[jhoric acid to sUulge « oiitaitun«; magnesia a 
precipitate of Iri-basic phosphate is at <itue obt.tined whieh after 
settling can be easily filtered throuuh cloth .md pre. i|.itates ainiiionia 
in the state of phosplrate of ammonia and mayne-aa Hits rent tion 
is produced by the e.xchaiigc In-twcen otti- mttU-cide oi uiaipu'sut of 
the tri-basic phusphate and one inolecnle <<f .ininntiha whii It is 
present in different states in the middeit water. 

Sea water contiiins salts of magnesinin in large proportion, ,nid 
a product can be prepared from it rapahle o( (tret ipttating the 
ammonia from the waters containing it. 

The .sea water is simply treatetl with hme ami tlie precipitate 
is allowed to settle for twenty four luairs. .Mtei ilei .uitinji; off the 
clear supernatant liquid, the sludge thus obtainetl is mixeti with 
a solution of phosphoric acid, atul a precipitate f-dl*. thtwti which 
is collected and is read)' for use in the tre.itiiient ol resiiluary 
waters. 

Process used at Coventry, (in ksiving the mUeitot the water 
to be purified pa.s.ses into a kind tif rvheel w ith gr.itings to f.it ihlate 
the .separation of the solid matter. 

The matters retained in the wheel are ihruwu «uit into a iiasket 
to drain and then carried ufT l))‘ an .irchmiedc.in str«*vv winch 
conducts them to a filter press, and after pressmg the s..!id slmlge 
is used as manure. The water on leaving tire wheel e* stined up 
mechanically with .solutitins of aluMiina and mm ami lin.rlK with 
milk-of-lime. Filtration finishes the ireatinent, ami the watms .ire 
then run off into the river. 

Lechatelier Process. -The use of salts of iron and ol aluminium 
has been suggested by M. Lechatelier. who etnploys Picardy pyrites, 
containing .salts of aluminium and iion, or lumxite. which he treats 
with sulphuric acid. 

When sewer water is treahtd in tliis way, 'a»aps oi .tUiiihna 
and of sulphide of iron formed by thi* sulphuretterl hyflr<»|'en are 
obtained. The iron thus acts as a disinfectant. I hm action of 
the iron ensures oxidation and the regenerntion <»f the reagent. 
Numerous triaks have been made by Lechatelier on sewer water** 
and residuary waters from clivers works, in (larticniar the effluent 
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of siigar-wtirlvs, wiiich Iuik ^ivon good results on purifying with 
pcrchlorido of iron combined with lime or dolomite. 

'I'he allniminoid matters and the phosphoric acid are prtcipi- 
talcd by the peirhloride cjf iron acting as an oxidiscr. 

As regaicls the u.se of siilpliate of alumina propo.sed by M. 
Lechalelier, tlie experiments of 1 )urand-t'.laye, made on the .sewer 
water from ("liehy, liave given good results, using 200 grammes of 
snl()hate of alumina per cubic metre of water. 

The result of these experiments was that the water running 
off after trealim'iil was absolutely limpid and colourless, so that 
a printed jiagc cotdd be read under a layer of it lo centimetres 
thick. h’isht!s were tible to live iind thrive in the water thus 
purilied. The sludge which remained iifter treatment was odour- 
less tuul dried etisily when spread over the soil, 

Putting the price of Uie reagent at n francs the too kilo- 
graitimes, this treiitment would cost tihoul 2 centimes per cubic metre. 

A. and P. Bulslne’a Process. In this process use is made of 
ferric sulphate, ohltiined economically by roasting pyrites. 

When (eiric sulphate is iulroducefi into .sewer water the alkaline 
s;dt.s and the salts of the alkaline earths which are always in the 
water decompose the iron salt and ferric oxide falls down as a 
Itrecipitate. Phe precipitate of ferric oxide carries down with it 
tlie matters in suspension, and they form compounds with the 
albuminoid ami greasy matters. The colouring matters form lakes 
and the sulphuretted bydrogeii is fixed by the iron. 

Most of the micro-organisms are eliminated by the jirecipitation 
of tlie hydrate of the ferric oxitle, cnvelojted in some way by the 
lakes fonneil with the organic subslnnces. 

Trials made on the Paris sewer waters gave the following 
results. The water, .dter a preliminary decantation, gave roS3 kilo, 
sjf dry matter containing foH per cent, of nitrogen per cubic metre. 
It was then treated with ferric sulphate, hi the proportion of 100 
grammes per cubic metre. 

After tile addition of tlie ferric sulphate a precipitate was 
obtained which on rlrying weigherl 318 grammes and contained 
2'IH per cent, of nitrogen. The organic matters in solution were 
sensibly diminished by this treatment, and water which contained 
•5oo gramme of organic matter in solution before purification con- 
tained no more than x>f>5 after treatment. 

*rhus nine-tenths of the organic matter in .solution is eliminated, 
the whole of the matter in suspension, and moreover a proportion 
varying from 60 to tjo {>er cent, of the micro-organi.sms primitively 
containetl in the water. 
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The treatment gives a clear, limpid arid t uhnirlr’^n wak-i\ con- 
taining so small a quantity of organic matter in ‘^tdulion that it 
may be looked upon as irnputrcscifde. 

Putting the figure at im grammcH c*f ivrnv Hiiljihate ihc proem 
costs about half a centime per cubic* nuirc of thv ualer irc%dt^d. 

Slllar’s ProoesSi This {>rocesH, vvhu ii ha^ IiaU 4 cnlain vc^ue 
in ICngland, employs a mixture uf tlir«‘e prnuipal ^ kutnvj^ 

as A, H, (' alum, blood and chart t»«d. 

In addition tt> ihcse three rcagmts uihn |4 «s4|ih|h air illy 
employed: Clay, manganate of poLedi* ratlli «^«nl4iiang -ailts of 
lime and magnesia, and llu^ chlorides of and id m4::m-4ti{u, 

so that tlie mixture is very complex. 1 hi-^ iraitroi ptn ipsialr** the 
salts in solution, but the rulncgcnioiiH maUns utiieli i!ir iiatni* 
of putrefaction, are treated in an abnohiicdv' mipril«*ci mami.-r 

Moreover, from trials matle at Lricc^dcr^ n has ln^rn -diiavn that 
the waters contain more ammonia after IriMlnirHi than beforr 
Compared with the lime pneexe.*. the rMiiuniiH m««re 

ammonia as It is acid, wherea*^ in the lime Ifraiinnil ihr ^dudge 
being alkaline is in a good conilition t«». throw off ifir aiiiinoma, 
and in drying allows it to escape, 

Anderson’s Process* ■AnderHon's toir4‘4’-a m allowing 

the water to be [)urified to drip over %etvip*i of 14 4 11 'fg 1 oniained 
in a horiaontal cylinder revolving on its axh. 

In absorbing the oxygen tliswilved in the u.grr rhr iron 
transformed into the prtrioxitle and dissolvr*i, d'hr %v4iei rminiMg 
from the cylinder passes into a witle shallow* iijHm iiafidihL m order 
to give the air free contact with it, and lluci profltier oxidaliMU. 
finally it passes into im open renervoir buill of rrmrnl,. 

As a result of the peroxidation of thr iron tiv ihr «*xygrn ilu* 
hydrate of ferric oxide in predpitatoh carrying with ii ilir uiganic 
matter in solutiom It is allowetl to a hiilr and liiially 

filtered through sand. Trials of thn^ prtaic^s tmitlt’ by M.. 
beiger show that the dissolved organic mailrr and the 
have largely disappeared, but not altogrthrr, 

Suvsrn s Proo©sSi~I. his prcHiess, which givr-^ an iiiMunplrtc 
purification, is especially arnplojtxl in 1| III 

treating the waters with a mixture of: 

Slaked lime ^ 

Chloride of magnesium 

Coal tar s i 

Defosse’fi Process. —The prf«e«!i of Defew^e i- m tht*e 

' We believe that the amhw mean* MatwheMer - 1 a, 
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1. Dccnvitutinn ;uui ])reliinintiry precipitation with three re- 
a^n-iUs, sitlphiile of aliiiniiui, perinan},ninate of pota.sh, and lime. 

2 . A r.ipitl filtration throu[i;h (leat. 

3. A final filtration through a layer of iron ore and limestone. 

I he water to he treated is to bej^in with decanted into a ba.sin 

filled with haflli's anci a stirring' arran^fement. In this the ',rreatcr 
part of the fat rises to the .surface of the liipiid by rea.son of the 
agitation, and the clifferent fatty bodies in the upper part of the 
water are rlrawn off and collected. 

I hese (ats can he trt'ated h)' special processes of purification,, 
and used commercially, t )ii leavinjj tlie decantini^ basin, the waters 
arc run into a troiiph and mixed witli sulphate of alumina, perman- 
j.;anate of potasli and lime in different proportions according to the 
nature of the liquid to In- treated. This mixture of reagents is regu- 
lated and deliveiTil aulomatieally by means of floats in the water 
to he purified, adjusting the delivery of the reagents. 

■fhe precipitates formed and the nmtters in suspension are 
deposited in the form of sludge in the basins, which arc filled and 
einptieil alternatively. These ileposits are evacuated from the lower 
part of the basins by a pipe leading into tanks below, 

The supeniatant sewage from the decanting basins is .spread 
over layers ul turf, and passes on to a layer of artificial iron ore,, 
which is extreme!}’ ponais, and then on to a bed of limestone. 

The artificial inm ore is made sjiecially for this procc.ss and is a 
coitihiiiation of iron, manganese, and charcoal. 

According to M. iJefosse, this ore, in contact with the water 
containing organic matter, forms carbonates and hyclrate.s which 
are subse(|uently |K’roxidised. As after the passage through this 
ore the waters carry with them a certain quantity of iron in solution,, 
they are taken on to a IhsI of limestone in order to precipitate it as 
carbonate of iron. 

The iron ore iK-iiig used very slowly and gradually, its expense 
i.s very slight I lie process enqiloys 120 grammes of reagent (per- 
manganate o( lime and charcoal) {H*r cubic metre of sewer water. 

The greasy malters obtained are treated by the proces.ses of 
SoulTrice of .Saint Denis, by which industrial fats and stearine are 
obtained from greasy waters from variou.s works and from the scum 
of the .Seine. 

The sliulge is ustsi in making illuminating ga.s, which has much 
better lighting qualities than coal gas, and the residue left in the 
retorts, which is a comiKJund of jxitash, soda, carbon and a certain 
amount of phosphate, is ground up and sold to the farmer as a 
fertilisetr. 
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Scott’s Process* — histoul nf uning Hmr .ihnw a insxliirr tif lir^e 
.and clay is added to the hcwvx water. 

The organic matters form alniul a third id ihr and on 

calcining the residue, not only iighliiig ga% 1 %: Inil ako 

cement. 

Bird's ProoeaSi -The sewer watrr*^ are iNMtrd ujih a rni-xture 
of clay and sulphuric acid, and the Irratinml u-rmiti4lrd by a 
filtration through coke. 

Trials made at Stroud, in Ciloueestrr^dnrr, iloU nine-irnthH 
•of the matter in susiieriHion prerijiitaird in uay„ and the 
nitrogen in solution is redueed by ludi 

Howataon’s Prooesa* - ITi*’*. proi-r^is rMsrh’iin m iin^mg by de- 
grees the residuary water*^ with a protinel Hfiuii itir lovruior calk 
ferrozone, the preparation of which varies aiciadnn: to ihr waters 
to be treated. It invariably eontaiiH, howrvn. a large |*r«ipHriion 
*of ferrous and ferric suits. Twiisuniplesof lrrr*«.'Oiir 4um tm aiudynk 
.the following congiOHition : 


AnhydrouH ftirnmn 

AnhyclrouH fetric nulplnur .... 
Anbydrtum aluminiimt s4ulph*Ur 
Innalublti mauer (inckuUog a laUr . 

Water, etc. 
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Hulpliate of aluminit 
FerrauH Mulplmie . 
Ferric sulphate 
Ferric axicle , 
Alunurm m\d mlici 
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The soluble salts which this prcjilutt conuiiini rapidly |irrci|»iiatc 
the solid matters in sim(>cnskm, un«l prqiuro ihr piitrr^aatilr 
stances for ulterior oxidatiorn 

When the precipitation k finished the Ihjiiid h tlrraiUetl off and 
passed through special filters which retain any partidr. in 
sion still remaining after decantiitiori, and in mhUlkm armlr ihc 
water. 


^ The water is then pourt^tJ over a nnilcriii! kniHvii jiohirile 
which has a powerful oxidising action, ant! wdiic:h inlnidrd to 
•destroy the organic matters. 

Polaiite is^a black, hard, very porous, iri^iluble and irioxidkable 
'substance, which has the property of retaining oxygen in it^ 
its composition Is as follows 
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Mugnclit: oxide ol iron 
Silica . . , , 

Lime . . » , 

Alumitin 
Magnchia . 

Alkalich 


Hie tuLaniV niatuas in suspensum or solution arc oxidised and 
tiansfornird intcj (“arhonic acid and nitric acid. After its passa^re 
through the polaritc. the water is sufricienti)' clear and limpid to l)c 
run offintci the* streanr 

In treating residiiarv' waters a prcdiininary decantation should 
he effected irt order to retain the matters in suspension as far as 
possible. The sludge resulting (Vom the ferro/^one treatment is 
treated in fillta" (iressc**. in tirder iu free it from liquid and transform 
it into stflid matii’r. 

Plat and Dumas* Prooeaa* Tha water is run into a reservoir 
•containing i kihn of quicklime for (*ach ton of water to be purified. 
Hie altnnninoid niatlt'rs and tlu* sul|)hate are precipitated. 

AftcT th*canting, h^’pocddiirite of sofla or of lime is added to the 
liquirl in tlic* proporiifui which <msures the (iresence of 15 litres of 
clilurine gas per cubic metre of water. This is allowcxl to react for 
six hours, then t arhoniiMuml ga-^ bubbled through the liquid to 
precipitate the* linjc% and a decantation and filtration terminate the 
treatment. 

Wabstir*i Eliotro-Chemioal Prooesa. dn Web.ster’s electro- 
chernii al jiroct^*’^ an electric current is [massed through the residuary 
or sewer water, by ihv aid of a rlynamo communicating by wires to 
ordinary iron elecirodeH, 

In tlie case of Ikirin Mnver waters it is sufficient to use a current 
of *05 arnpcrediour per litre, kesiduary waters require a more 
intense current, and altlnaigh they are incompletely purified they 
iHfCome clear and ii!oflorou*i. enough. 

There h no necosity to use any reagent, as the electrolysed 
waters contain chhaidrs, esjarially those tif sodium and of mag- 
nesium, which are cletofn|}0!a*d muter tltc influence of the electric 
current iirut frlean* ctdorine which comes off at the positive pole. 
Ammonia, Hodu, iiutash and magnesia form at the negative 
pole. 

The chlorine and oxygen fornuxl act energetically on the organic 
matter, which is rajiicily oxidised. In combining the two gases 
form hyjiochtoroiw acid with the water and oxides of chlorine. The 
acid thus formed attacks the iron of the electrode, and compounds 




under the^jaction of the* free ammonia, |>oiie4i ami 
and cauHCii the precipitation of a hydrate of the oxide of iron which 
combines with the organic matters. The hydriite of iho oKide 
iron and the hypochloride of iron formed iittaek the inaltcfoi' 
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of acids with the iron arc produced, aniongsi uhiclu according u> 
Webster, hypochloride of iron is in the largest prt»portictn. 

This hypochloride of iron produced at the (n>*-itive ptile conm. 


& fcsr i^arifying 
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in -su.spcnsion, but also those in solution. The bubbles of hydrogen 
escaping at the negative electrode carry up the solid matters towards 
the surface ; but these are quickly reprecipitated. 

Hermite's Electro-Chemical Process. — Hermite’s electro-chemical 
process for the jjurification of residuary waters depends upon the 
following principle. If an electric current be passed through a 
solution of a chloride, preferably a mi.xture of the chlorides of 
magnesium and of sodium, as for instance .sea water, the water and 
the chloride aia* decomptrsed. 

In consequence a very unstable corn[)ound of chlorine and oxygen 
is formed at the |)ositive electrotle, and this has great oxidising 
power and conseciuentlv is an excellent di.sinfectant. 







t iH. ekctroIyBer, 

An oxide is formed at the negative pole which is capable of 
precipitatitig certain organic matters. 

The re.sult of the elcctndy.sis is thus to form a liquid capable;— 

1. Of bringing about the destruction of the organic matters 
re.sulting from putrefaction, and of destroying the microbes and the 
gase.s, such as sulphuretted hydrogen, hydrosulphate of ammonia, 
and the carbides of hydrogen. 

2. Of precipitating certain bodies, such as the albuminoid 
matters. 

Two methods can be used in the electro-chemical treatment of 
residuary waters— the direct and the indirect method. 

The direct method consi.sts in passing the residuary water into 
the electroly.ser with the mixture of chlorides to be electrolysed, 
and the water leaves the apparatus after having been purified. 

The indirect method consists in preparing a liquid containing 
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the oxides of chlorine by elecln)lysintt ,ii .cliloi'ide in the nppamtiis, 
the resultant Ikiuid bciviK then addwljto the water to be purified. 
The electrolyser used itt either case is eoinposed of a vat of 
galvanised iron, in the lower part of which is a IuIk- iK-rforated 
with holes and furnished with a /ine tap to allow the passage of the 
liquid to the electrolyser, that is to say the • hloriih- alone or lui.ved 



Kic*. 1 tcj. ' ni’rnMU’*«4 


with the liqiiifl to lx* purifiotl. 11u* vxi li.r. a am un ilu* lipinn* 
part a re.strrvnir, from vvhirh Uu* hqiH^I iitxifinl h) 4 

tube arran|,[ecl so as to i^’ivo a rcHHtant «ar«ai!4!Mr\ « 

The neg’ative elcctreales are a rertaio ityiiibn *4' /sm. 
mounted on two hori/.ontal aod parallel 4 iafl'^ aod liiruoii: Jravlv 
The [jositive clectrniles were fnrmrrlv irpre-*riiiesl In 4 uf 



lot?, I S'lPi a-r* 


platinum held in an elK)nite frame, hut ate mm jancnl wilh 

holes in which are platinum 

The positive electrodes are placed «’ai it pair uf‘ /hie 

discs, and soklered to them at Ifir tipja-T jiarl an ariiialiire of 
lead, bringing them all into cummunicalion with a Iwr o| 
which traverses the electroly?ier. 

This bar of copper reproHi^nting the fxi^titivr riri, irti«fr there- 
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fort' ill cimmuuiioiUiim with the positive inilc of the dynamo. The 
current passes to the platinum wires, then to the disc.s of zinc, 
forinitiif the nei^alive electrode, and in communication by means of 
the east iron of the vat with the nes^ativc pole of the dynamo. 

iMiially. Ilexihle blades of ebonite placed on the positive frame.s 
[iress against the /.inc discs and keep them clean by friction. 

'I'lie eltloiidc-s preferahly emiiloyed are to begin with the 
chloride of magnesium or this mixed with chloride of sodium or 
potassium, then sea water, then chloride of .sodium, chloride of 
aluniiniimi, and t hloride of iron. A current of 1,000 to 1,200 
amiK'-res is generally pas,sed through the clectrolyscr with a force- 
of 5 volts. 

When severrd elecirolysers are employed they are arranged ini 
Ht-ries, 

Oppermann‘8 Prooees used at the Sugar Refinery at Lambres,, 
near Douai. In this process a mixture of [lerchloride of iron and. 

:11 ib&sifl 




I s*., t .* 1 , Hrr*iis»ir% rlrclrulvM'r ; ^trran|»enK.m£ the hhicke. 
dtilniiiitt* the usee! in the residuary 

l \\h rraijeni i*. lar|.jr!>^ ust'd in Ciennany in dealin^.^ with the 
waste liquid‘s «4 ^aigar anti has pven excellent results. M. 

Minnany ha*. i:ivrn the procc'SH a trial in France at the Lambres 
Sugar Rcfinrrv, near Dtiuai, and its success has been perfect, 
Mannury ban l uiiinuniicatcHl ilie results he obtained to the four- 
na/ (Us FiiiHiitidii *U Smte atrd the official inspector of roads and 
bridges has ahn nq-airted an them to his chiefs, 

Thv i»rot!eHH HO far seems t«i have I>een used in sugar works only,, 
but its eiujilcyment would doubtless be efficacious in the treatment 
of other efflurnis. 

Having prepared a sotuticni of sulphide of sodium it is poured 
into a Htiluliou of jn^rchloridc of iron and a part of this becomes, 
sulphidti of inm, The mixture thus obtained is put into a cask 
with a titfif by which the outflaw can be regulated. The mixture is 
drawn off into a tank containing the water to be purified, and when 
mixed milk of dolomite, which is calcined dolomite stirred up- 
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in water, is dropped into it from a hei[;ht of a few v.ir.N above the 
tank in order to briny: about the precipitation of the- impurities, 

Tlie action of the protnchloride of iron in the presence of the 
■sulphide of iron and of the milk of dolomite ttrinyrs aftout the 

•following reaction 

6FeCl + FeS + 6(C'a() f « t'FS ^ f 

6Mg(). 

Thus hydrate of the proioxitle af mnu 4imI uf titr ^Kide nf inag» 
nesium, sulphide of in»n and ehli>ri«if* nf i%i!« into 

The greater part of the lime is eumthiied wah the i hlorinc 
•giving chloride of calcium atul tlu* aetti iumi-. Hu* n%l into 

carbonate of lime, d'lie magnesia alone Dnnain^ nhn ti Urfiig «.nly 
slightly soluble in water is less truul»!e>an«e ifuiii ifir lime, and as it 
is only weakly caustic it clues not di^^suU u ihe « a game mailer, or 
only to a negligilile extent. 

Hydrate of the protcjxide tif irufj ami sulpliidi* *4 turn ari.^ f«»rmed 
together with the magnesia, the protuxide qtiii Idy nxide>ed by 
the air and becomes penmide. In the presmer ul itu’ petal of 
iron the sulphide of iron is oxidised in its inrn. and a^ *ai!phaie of 
iron enters into solution burning up the «*rgann in.iiicns hy rapid 
•oxidation and by parting with its oxygen proiapitited an ’Uilphide 
of iron. 

This iron sulphitle is of course again in euniaei wilh Itie per* 
oxide of iron and the cycle of re.ictioiH aln-nly tlrspuiHed r-oie 
-tinues. The purification of 4 o,«.,r>^i hreloliirr^-^ tif wa‘4r luimds 
'day at the Latnbres Sugar Refinery is estitnalrd at Hii* IratN'^'^, 

M. 0|)perrnann has recently eombinrd Ihr ireaimeiii with 
‘dolomite and the oxone process ami has applies! the rumtunaliofi 
to sewer water purificatioru 

Oalllet and Huat’s Prooiss uitd at tht Ctnlml Sugar R»fin§ry 
at Flavy la Martah—This process usetd fur ihe rr-adiwry waters of 
-divers industries and especially f«ir Ihe %\mnl liijiiiiU of -i^iigaravurkH 
consists in treatment with perchlaride of iron ami lifiif-,, 

A cask is filled with a solution of perdilnridr uf iruri to liNcgin 
•with and its contents are poured into t tank cuniaimiig ihr wafers 
to be treated by a regulating tap. The water treated h run iif? and 
in its course milk-oWime h poumti into if from a mixing tank which 
is kept constantly supplied with fresh r|Uicklitiie. 

A precipitate of oxide of iron ti formed by the following 
reaction 

Fe,Cl, + 3Ca(0H), - jCaO, + Fep, + jH,/). 

By its weight which is considerable this precipitate carries down 
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with it thecoaguluin of lime and organic matters in suspension. A 
limy sludge results from this which is rich in fertilising properties 
<incl can be used as manure. 

According to M. Vivien the cost of this treatment at the Central 
Sugar Refinery of h'lavy le Martel may be estimated as follows 

The cost of daily treatment at Fiavy le Martel in dealing with 
14,000 hectolitres of waste liquid is 56775 fr., that is to say 0*004 
centimes ])er hectolitre. 

Recovery of Residues in Dye-house Spent Liquors, —If the ex- 
hausted dye-batlis and wash waters are run into the dye-house drains 
there is a ctirtain loss of substances which may be profitably re- 
covered by treating the dye-house effluent. 

In addition to the recovery of carbonate of potash from raw 
wool, which will l)e considered later in dealing with soapy waters, 
the dyer can very profitably recover the tin from the bichloride of 
the metal used in weighting silk. After having been mordanted 
and scjuee/.ed or wrung the silk is then rinsed in plenty of water, 
and (luring this washing the bichloride of tin decomposes, a part 
remaining in the batli and the rest becoming fixed on the fibre. To 
recover this lost tin Martincau saturates the wash liquors with lime. 
On .stirring, the oxide of tin is preciidtated and can be collected by 
filtration llirough cloth. 

A paste containing 15 per cent, of oxide of tin is thus obtained 
from which the metallic tin may be extracted or reconverted into 
bichloride by treating the pa.stc with hydrochloric acid. 

In indigo vats there is often a considerable amount of unused 
indigo in the deposit, either because the indigo has been badly 
grouiul or because the vat has been badly worked. It is of course 
profitable to recover this indigo. 

For this purpose M. (iarc^on advocates the treatment of the de- 
with hydrochloric acid in cxce.ss ; the lime and the oxide of 
iron are thus transformed into soluble chlorides. The residue is 
collected on cloth and washed and the indigo which it contains is 
dissolved out with hydrosulphitc of .sodium. 

2. Soapy Waters and their Purification. 

Residual waters containing soap require especial attention from 
manufacturers as they are the most profitable to deal with. 

Potash and fatty bodies can be extracted from them which are 
of great commercial value and are always in demand. 

All waters containing soap in more or less quantity come under 
this head, but we shall here deal with the effluents which result' 

18 
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from combing? and Hi)iMniiig wool, niillini: dtdU, ckTULLiiiing and 
boiling-offsilk, bleuchiuR fabrics, rurkcy ic‘<i ih aniiiT ami IVmn s|>ent 
dye-baths generally, Hic water used in treatiiig raw woul is specially 
advantageous to deal with. 

Three classes of these edluentH may k* diNtiiH;uislieci, 

1, Wash Waters. Hicse solutions rcHidt Irtun the washing in 
cold water of wool in suint. I1try l uutain poiaHli which is ex- 
tracted by cvai)()raling to dryness, 

Maumend and Rogelet’s prcniess cjf extracliig: ihc^ |HUash is still 
in use. It consi.stH in using the water lor washing (rrsh hatches of 
wool until it shows 10 to ii' Ih 

It is then evaporated to tiryness ami t!ir rrsnlur «,:ali:ined in 
retorts gives a gas which may k* mal for ligtiiiug pnriMHt^s, 

The residue left in tlie retorts is dissolved in water ami gives a 
crude potassic salt containing iiIkhU jo to Kci j«;r cenl. of pure car- 
bonate and giving a yiehl of 5 to 7 ki!ograitnne’-i «»tTruile salt for 
each 100 kilograuunes of wool iti suint. 

The manufacturers ilum fnul it to their atlvanlagt* in give a pre- 
liminary washing, as not only does it yield a piotil but it entmider- 
ably facilitates the chemical puriftcatiMm 

2 , Scouring Waters. These result lr«an the hot M uuriug of the 
wool or hides with soap. 

These arc the most alnirulant in w«jo| mafnifac lure, ami they 
contain large ([uantities of putreHcdile matters they need the luust 
careful purification. 

3 , Waters from Working the Wool. In these waters the oil 
remains which is used in combing the wtKih am! ihr suap wimh has 
been used to form an emulsion with the m\. 

There is no difficulty in treating thcM.’ waters, llie addition of 
hydrochloric acid produces a magma whiclt on pres^ang yields a 
fatty matter which cun \hi usetl in ^ciap tnakiiig am! is worth w 
to 80 francs per too kilogrammes, llie waste waters from wool 
scouring are the mcmt difficult to purify, 'I’lieir cotiijuisiitoii in 
very variable as it deptmdii u|K.m the concenlralifm of the water, 
the nature of the raw material and the it through. 

In practice the scouring liguors shaukl Ini k«»kril Ufiofi m con- 
taining 

1. Organic matters, fatty bodiei and other 

2. Soluble and insoluble tnineral subutarice^i 

Before running these waters off into the river two methcKk may 
be used in purifying them, at the works protiucuig them or at a 
central collecting station, dealing with the effluent from all the 
works in a manufacturing district. 
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I'hc treatnicnt of the cfriucnt at the works themselves has 
the advantage that it can be done regailarly with a knowledge of 
special circumstances and furnishes valuable by-products to the 
manufacturer. As a matter of fact the effluent of each works is 
alinosl always cliarged with the same matters, and has therefore a 
known composition for which a recovery process can be exactly 
elal)orated, and as the amount of fat contained is usually fairly large 
the recovery is certain to be profitable. 

When the ellluents of a manufacturing district are run into a 
common colh'ctor for treatment, as in the case of tlie towns of 
Roubaix and 'rourcoing, the; composition of the liquid, coming as 
it docs from all kinds aC works, is not only complex but very 
variable. 'Fhc recovery of the by«i)rodiicts becomes in this case 
problematic for the yield is frccjuently too small to pay the cost 
of the process. We will examine st;veral processes used at the 
works themselves to deal with soapy waters, especially the effluents 
of tlie woollen industry. Then we will pass in review the experi- 
mental processes at collecting stations dealing with divers effluents, 
taking as a tyjie of water that of the l{s|;)ierre. 

(A.) PUKIEIfA’rioN UK St)Al’V WATERS AT THE WORKS. 

Void's Process. -'This process has been specially recommended 
by the soapdioilers fur dealing with the Ikpiors resulting from the 
I] bniling-ofrofsilk and fnun Turkey-red dyeing. 

The soapy waters are treated with chloride of calcium until pre- 
cipitatuai is coinplete, tlie precipitate is collected, pressed and put 
into lead lined vats where it is decomposed with commercial hydro- 
chlcjric acid which must be free from sulphuric acid, 

A jet of stt*ain is tlien blown in and the excess of this with the 
giiH resulting from the reaction is pas.sed through a box filled with 
lime anti escapes by the cldmney. 

The unwholesome gases and bad odours are destroyed and the 
fluid fatty acids float oti the surface of the liquid. It is allowed to 
settle for six hours and tlien the lower contents of the tank are 
drawn ofl* by tmmm of a taj) at the bottom. As this liquid con- 
tains chloride of calcium it can be utilised over again. 

Water acidulated with hydrochloric acid is then added to the 
contents of the tank and after turning on the steam for half an hour 
the whole is allowed to settle. 

The clear acid liquid is drawn off and the layer of fatty acids in 
an emulsion are ready for special treatment, either to get rid of the 
water or to do this and bleach the fat at the same time. 
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The water ik driven off bj’ heating the vimilsion with the 
addition of sea salt over tl\e optiii (ire or willt a steam coil. 

If it is required to bUsich the fats also ami thus inerease their 
volume after washing' with hot water tin* hot fats arc put into 
a lead vat with a stirrin[j;' arraup;ement and healed hy a steam 
coil. A .solution of chromate of potash in sulpluirie arid is .ultled 
and the contents are stirred for half an hour, .tiler whieh they are 
allowed to .settle for six hours to .setiarale out tin- latty acids. 

The lower layer of liquid is chrome alum. It is ilr.twii ol'I'and 
the operation is repeateil (ivt* or six limi's accortliiiy; to the decree 
of bleach retiuired. 

h'inally the fatty aeid.s, after settling and the <lrawiiii; off of the 
clear water, are freed from water hy distillatiim. hor this purpose 
they are put into a still with 14 to 15 pei' leiit. of mineral oil and 
distilled. 

The mineral oil can he reeoveretl ami used a^min. If the 
.separation of the solid fatty acids is rcr|uirctl. the mixture of fatty 
acids still hot, freed from water and hleat heil, is put into a vat arid 
allowed to cool slowly to 9' t'. ’riu* ctmeret** lativ .n ids coilect at 
the bottom of the vat ami eiysiallise, I'ltev li.ive otdy to Ik- eo! 
lected and cold pressed ami the sep.UtUiou is e(fe> ted. In mder tt» 
avoid the formatioii of alkaline sulfibate Iry im|iure hydoH'Idorie 
acid containing; sulphurie acid, which reiulcrs tfie separation diffi- 
cult, iVI. Vohl proposes to replace the r hloride of liiiu' hy chloride 
of calcium. 

Treatment with Chloride of Sodium,— 1 .ike the prc tedni}* one 
this process is u.sed for treating soaity liquors of a i ert.im purity. 

Sea salt is added to the liquor until it is satmatnl ; the soap 
comes to the surface in clots and after colleition i*. treated witli 
sulphuric acid to separate out the sohrl fatly acids. 

Treatment with Carbonate of Soda. - The tre.umeiii with sodium 
carbonate is used, preferably, in the snme case as the jneceding 
processes. The carlKinate of soda is simpl>' Jidiieil t.* the siia[iy 
liquor and it is heated to aberut fjo‘ C, for hall an hour. 

A scum forms on the surface of the litiuid. I bis is collected 
and treated with hydrochloric or sulphuric acid t«» separate out 
the fatty acids. 

Purification at Holden's Woollen Work* at Croix. - r he mcthml 
used at Holden’s work.s, the great wtsil-combing factory at 
Croix, in the north of France, is also usctl at Scydimx's works 
at Gateau. 

The soapy waters to be purified have the following conqiosition 
per cubic metre : — 
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Kilos. 

I'mty matUTN 

OrK'Hnic niatlrrM 3*841 

Soluhlt? and iiiKoluhlc; initUTalH . 7*082 

20*423 

'riu:y arc run into a cast-iron tank lined with lead and s kilo- 
tfranunes of coinnima'al hydrochloric acid of 22" H. per cubic metre 
are introduced, 'I'he p;reasy matters are decomposed into fatty 
acids and a ma(;uia floats on the surface of the licpiid which contains 
the major part of the fats and the earthy matters. 

‘This inai^ma has the follovviiifjf comjiosition : — 



Organic nuittt*r . 18*83 

Earthy nuutt*r 37*87 

toa‘00 

Aftt‘r srltlinL^lu* clt'ur litjuicl in nin off and this still contains: — 

Kilos. 

l*‘imy nnitlrrw . , , . r*ioo 

Organic nnnirrH, , , . 1*672 

Mincfw) niitllrrH , 1*145 

3-917 

Ah thr; water that runs o(T is acid, on ncutralisin(' this acidity 
with lime a prrripitate is olrlained which according to M, Goblet 
contains r.pjo kilogrammes of fat and organic matters per cubic 
metre. In this precipitate is al.so found a large proportion of the 
mineral matters. Csiially tltis prcci[)itate i.s thrown away and the 
water is passed througlt lime or decanted and run off into the 
I'.spierrc eolleclor. 

The cost of this treattnent per cubic metre, as regards reagents, 
may be jnjt at : - 

Cnmmrakl hydrwhlnric wtd, 5 kilngr* at 4 fr* the kk) kilogr, . . 0’20 

Limt! . 0*02 

0*32 

The magma ohtained by the hydrochloric acid is hot pressed. 
It yields a non-sa|Kittifiable fat. The re-sidue containing fatty 
matter is ireatetl with bisulphide of carton. 

At HtiUlen’s works the fat retm-ered is estimated as worth 25 
francs the too kilogrammes, ant! as 6 kilogrammes are extracted 
per cubic metre the treatment furnishes I'Sofr. of fat per cubic 
metre. Ttiking into account the cost of reagents, t.e., 0-22 fr., the 
remaining i -28 fr. is amply sufficient to meet the cost of working and 
to leave a profit. 
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J. IWollin’s Process.—Clny purifK’s nsiilicU waters Uy furiiiing a 
coagulum with certain of the sulrstaiiees in the w.ileK 

In soapy waters, where the soap is simply in sohitidii, an 
abundant precipitate is not olrtained. I hi* t lay sinks to the; 
bottom of the luiuicl and the water remains turbid. If however 
the water contains fatty acids in emulsion im addiiip eiay mixed 
up in water a voluminous precipitate is dep.isited. 

In the ca.se of the wa.ste waler.s Irom w«hi1 eumbiny. soured with 
hydrochloric acid an emulsion of grease is obtained whii h treated 
with I gramme of blue or potter’s clay per litre of w.iter gives 
a voluminous flocculent precipitate whiclt tails .lowu rapidly and 
carries with it a great part of the nitrogenous matters in solutittn. 

The magma formed is collectetl and yields it.uu i s gramine 
to 17 per cent, of a product that on tieatmeul with liisuiphide of 
carbon givc,s .^o per eeiit, of a liglit»co!ouir«i fat melt tug at from 
34 to 35“ C. and rasembling good siunt. 

Tlie fatty matter of this magma need not 1h* j-stiat leil and the 
whole ina.s.s may be retorterl for illumitiatiug ga-. In the treatment 
by bisulpludc of carbon the cakes after the i:ir.e.r is extraited 
have the following composition ; 

WiUcr < < ' I 

Organic mjUttrr .... • 

Afili 

These cakes contain ru) crnl. snircigm, winch 
that the clayey-greasy prrci|Htale rliiiiiiuiird 4 cMirudrrahle 
proportion of the nitrogenous ornanic nialfc^r c 

Using I kilogramme uf clay |K*r cubic mrOrt*i iv.itrr, 7 K; |.p*ifnmeH 
of the organic matter is eliininiited thiH : 

OrgHnic matte™ 

Diver* and nitroKenouH mRatiit, iiwUfi'i , , , , <• »»«*» 

The elimination of these 787 gnimmes <4 orgauu mailers re- 
quires t kilogramme of clay at 4 francs jier Uui. that ts to >.,iy the 
co.st i.s 0‘002 fr, Naturally this cost is calculateti for rl.iy aionr and 
as concerning the purification of waste acid iiqiwas front wool cmiib- 
ing. In this way the greater ftart of th«: fatty Iwabr s whir h Itavc 
escaped precipitation from the soapy water by hydrtw hlt»ric acid 
are recovered. This treatment with clay ihereftrre nn rssitaics that 
the fatty acids should be in a free state, atul conmjiteiiily. if they 
are not, the fatty matters must te dccomprsetl li» largin with by the 
addition of hydrochloric acid to the water to lie iHirihed, 
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Purification at the Wooiien Factory of MWi. Deiattre at 
Dorignies les Douai—'lMiis cniostioii of tiic purification of waste 
walc'r froM) wool roiiihii^f bciiiff very important we will examine 
miiuitt‘l\- llie itu-diods of treatment emplo3'ed at the factory of 
MM. Deiattri' at i ioriRniies les Douai. We will describe the pro- 
<'ess formerly used at the Doripriiies factory and the process as 
iinjsrovt’tl by M. Dt'hillrt'. 

f. {^/f/ Pnut\s's, -lilt' W'ash \vutt,*rH nre run into dcccinting’ cis- 
terns, as S(n«n as one risteni is full the water is turned into another. 

I lu' stiiid matter is d(^[H>sited as Wooden grids super- 

ptisetl from botloni to tcjp of the cistern collect the sludge and 
<lrain it sulTuaently in allow it In lie scooped out. They are re- 
niovt'd siieeessivel y in the course of the work with this object. 

Hiis sludge contains mticli wool and mineral substances which 
allow it to be used as a fertiliser. The water is diverted into a tank 
and a rea|*tmt tjf perchlcn’ide of iron soured with hydrochloric acid 
is added. I'hus the fats aire tleccunposed into fatty acids and being 
set at libt't’ly lloat on tlu* surface of the liejuid, I’hey are skimmed 
off aihl are ready ffir use. By treating the fatty acids by steam 
pressure oil is exlracUed from them from which a very brilliant 
illuminant gas can be obtained. Idle water after treatment in the 
tank passes into a c iri'uiar vat in which milk-ordime is continually 
ilripping. ‘The contents of the vat are kept in agitation by a 
met hauical stirrt'r. 

‘The result is that tlie acid water is neutralised, oxide of iron is 
preeipilateil. t ari)dng with it the organic matter and the water is 
turned inti» decanting cisterns where it deposits the precipitated 
matters, riic waU'f runs off clear from the upper [}art of the 
ch-canting < isuams and is allowed to t'scafjc into the river. The 
H'akau’ecaiH shalge t iui be presstal irUtJ cakes. 

Hu’s proicss Ibnnerly usal at the factory of MM. Deiattre, and 
<levised by M, (#ailleb alhavs wash waters from wools in suint, 
containing abiiit jci kiktgnunmes of re.siclue per cubic metre, to be 
treatetl sa that yi per cent, of the volatile organic matter and 50 
per cent, of the tixed tjrganic matter is eliminated. At Dorignies 
i.exx) cubtr uirtres cjf water is treated every twentyTour hours and 
the same pnaess has hertt employed at lu)urmies, 

2. /Vwyev.— 4n the wtKillen industry the wools in suint 

before tHung s|Hm have to untiergo two operations to free them 
frcjin foreign matters. 

(1) Desuinting, c»r shnple washing, to take away the soluble 
matter in the suint. 

(2) Degreasing, or Ht:ouring» in which the insoluble fats and the 
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various foreign matters tIuU iulhcre ti> tiu* fihrc iue taken fnmi it 
by using carbonate of soda an<l stia|i, alter the ''itiiple washing. 
The result of these two oiieralions is to j.i««iu<e eiiurmous tjuan- 
tities of residuary waters, ktiown as wash waters. "I'hese must btr 
considered under different heads aei-otdiiig as tit wlieilier they come 
from the simple washing or the scouring. 

The water from the first operation is easy to trc.ii in unler to 
obtain irotash which may l>e userl in soap inamif.w inre. 

In this case it is sunic ienl to evajtorate the li*|n<ii in s|H‘ciat 
kiers following the process of Maumeiu- and Kogelet, Tlu* residii 
ary waters are thus transformed into a rciminerativr* prothu t. 

Hut if the \vash"liiiuors are easily treated tliis i-. not the case 
with .scouring-Iicinors. ‘rhese latter contain the most v.irinl li»rcign 
matter in large pro()ortion, and thus, untd recently, tliese !ic|iiors 
were considered inctipable trf profiiablr treatment, I ately, owing 
to the constant efforts of MM, J. Delattre and .Son, thi' residuary 
water at the works at Dorignies les Dotiai has Ikvii so jreifectlc 
treated that the effluent is sulhcietttiy cl«'ai to Ik* tnrneii into the 
stream. 

The importance of the cjucstinn will lie seen when it is under- 
stood that at the Dorignies factory akttie kilogiammes of 

wool is .scoured and coinlKsl anmialty, and that llie daily ellhieiit 
amounts to from 1,500 to 3,WX) cuhie metres of rcsidit.iry waters 


having the following camjaiHition fK'r litre : 

f 9f 

Insoluble matter 

1 1 

iskS: : ■ : ■ : 

J HhI * 


.ire'll 


After purification the water is run tiff into thecamd of the Haute 
Deule and has the following contents per litre ; 

Soluble matter ;;;;;; ; 

J i% 

In examining these analytical results the conchisinn is arrived 
at that in the course of purification 3440 gratnmes of i»i|nirilies 
have been obtained from each litre of water It will seen that a 
mere trace of organic matter remains, and an insiiphfu ant s grammes 
of mineral substances. 

As the re.sult of conclusive trials the AdministratH«i of Hridges 
and Highways has allowwl the effluent from llie rr-ndtuiry waters 
thus treated to be run into the river, and the late .Mmc tliranl 
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rciiortt'fl c'litlui.siastifally on (lie process to the Society for the 
I'.iicmirajccmcnt of National Indnslry. 

Description of the Process, ’['he wash-liquors are separated, 
into two portions: 

1. 'I'lie liipior fniin the cold wash is treated as usual to recover 
tin* potush. 

2. Hw scour^upuM’s ;uv. subinitU'd to a special treatment. 

'This procuHnls as follows: 

{ii} It coininena-i with a preliminary decantation from a deep- 
and narrow eislern. 'llu' slud|re is deposited and used as manure; 
it is very rich in niir«»|.yuR ptuash and ammoniacal nitrogen. 

{/*) I lu* latly matters me separated out with a sliglit excess of 
sulphnrie aeid, amt this is suhse(|uently neutralised with Hme. 

{('} ddie greasy slmlge is treated to extract “ .suintine ” from it, 
an«l the rt^sitlue. rich in fertilising principles, i.s used in the manu- 
facture ttf uiamin*s. 

Method of Oporatlorn 1‘hc washdi(]uors are run into tanks 
having laps in the lower purls which allow the liquor to be run. 
<»(r with force down a shqung central conduit bearing the solid 
matter with it, h'rtan the conduit the water runs into a culvert 
whicli leads it by two lateral openings into one of two deep and 
narrow stfjne.^work t isU*rns where the sludge is allowed to settle. 

In eac h cistern troughs of wotjd are arranged from top to bottom,,, 
taking a hnig zigzag course in order to free the water completely 
from the solid m.UUn’, Fwo large sluices in each cistern allow 
them tii la* cleatied out simultiuieously. The water is decanted 
from the upper part of the cistern and is carried off by a trough 
into a large stone woik reservoir. 

In order to acidify [perfectly the Ikjuid mass which is a necessary 
condition u( successful purifuratiou the water before entering the 
stofuework cistern meets with a large stream of sulphuric acid which 
runs over a glass plate. A number of biifUes which force the current 
to wash from sitle to side facilitate tlie mixture with the acid, and 
it pemrs into the large reservoir which has a capacity of about 
50C) culiic metres. 1 lie siil|duiric acid is diluted with water to 
fr«nn 2 u" to H, m tw«i leaddined tanks, and the mixture is. 
stirred mechimically. It is carried to the trough by one of Kul- 
manri*H steam acid pumps. 

lire acid m excess ifi tlte whalers thus treated is neutralised by 
diverting the wash-waler into a conduit w^here it meets a stream 
of milk t/-lime, {irepared in a circular vat by means of slaked lime 
mixetl with a stirrer. 

In order to obtasii a regular neutralisation, large liquid masses. 
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arc operated on. After this preliminary neiitralisatiun, theia-fore, a 
second and more complete neutralisnlioii follows in .i larne special 
reservoir. 

When this is completed the purified water is limpid .uid clear, 
.and can be run off into the river. 

Recovery of the By-products, The w<uil in aiiut « ..nt.uii-. : 


Purtj wool . 
PotaBh 
I'auy acicin 
Earthy nirUterH 


.JU 

* I 


It will be seen that it mini Ik* pnifiiahh^ In I hr lats. 

Works trcatini^ the vnis!p-lit|i!ar*^ frntn hihtip'.unines 

•of raw wool annually profluce about k§hn«iafiiuiir‘‘^ nf fat. 

Adding the oil entering into the eoiiipMHitiuii «4 ihr ent- 
ployed and that used in the* ctnnliing. ahuut i 

kilognunmes of oil, a total of kiloyraininrs tibiainuil inun 

the treated wooh In the preliminary w.o 4 uai: pail of the 

grease is carried off and lost* and tlie rrrovrrv |tr»H may In* 
estimated as dealing with fo per c'eni,, tliai to uav kilo» 

grammes of fat remains in the waste liqnor^i 

To recover the fat the flow of li<|uor into l!n* rrarrte* " 4 opped, 
to begin with, at the end of twelve m tAvenly kniir honiH, an. onling 
to circumstances and the clear [larl is dn anted. 

The sludge is cleared cnit by a ‘^luieo in ili?"' Iioiitim of the 
cistern into a deep ciHte.^rrEwell from wfiemr ii e. taking 
into two sludge pum[)H. 

A jet of steam forced into the fir4i Hinder |.nitii|» mi\rn with the 
sludge, which is raised to a temfHn*uwre of alioiii Ht*' i'. 

The more liquid sludge from the fir 4 ^linlgr ptump rarrird by 
a pipe into the second sludge pump wfneh iakr*'i ii So a lilirr precis.. 

In its paisage througit the tiller the Hhid;,:r Iravc-. 40 Un gp 
per cent of fatty matter in a rmlteciing tank, and ihrTr fat^. are 
treated with acid, as before, then washed in cJe^ir water kdurc 
putting them on the market. 

The residue from the filter press in takrii chiI, dried ami gr«.H.imf 
tJp with a view to the recovery of the 20 to 2$ eeni uf’ hii which 

it still containB. 

To extract this still remaining fit km/Jne ttwl. 

The ground-up cakei of sludge are put iiilii cyliinlrrs j iiietrei 
high by I broad, and treated metk^lically with teii/iiic* ctrmitienc* 
Ing with the most exhausted sludge and fitikhhig with the? nrilreatel 
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cakc'S. 'riu- ^^upllly of hfiizim: is stopiied with the last introduced 
and shows iio po'easi; vvlien evaporated on a (flass plate. 

The hrnziiu- is tlu-ii run into a central re.servoir. and the benzine 
still iinprt'Rnatiin; the sludge is driven off with a jet of steam. The 
benzine is eon.lensed in a refrigerator and from there returns into 
the aiilrul rt’srrvuir. 

The whole of the Iten/ine, eharRed with {crease, i.s run intoastill 
and tlu' hen/inc' is distilh'd over and collected in a refrif^erator and 
front there passes into the central re.scrvoir to be u.sed again. 

As liefoii' the tetovt*re(i fats are treated with acid anci wa.shed 
hrfnrr lu’ini^ put uri thr uiarkct. 

tlu* fat rxtractrcl fruin tlu* wash liqut)rH, or suintine, amounts to 
abnut kiln;‘rafnnu*s yoarly aiul brings from 12 to 15 francs 

thr UK) kilugrattiinos. ,\btnU j pvr ctmL of fet still remains in the 
shulge aiui tho Um cjf brn/,im* is estimatocl at 30 kilogrammes 
liar rvtny kiln|q%uiunrs nf treaietl sludge, 

I he* t akes aftc^r tin* recovery ejf the grease make excellent 
inanure, and at ihr winks u| MM. l)elattrc and Sons a very sub- 
sliuititil prulil i\ made in emnbining tiunn with superphosphate of 
lime arid srlling t!u*ni In the dinners as fertilisers. 

AVcfS'wr /rt^m ///#* 0/ Sonp-works\ 

rhr large ciaisumpliuii of glycerine makes its recovery of special 
itnpurlaiur m %nap wmks whene it is obtained in considerable 
quanlilii*^* a hyqiinducg unfs»rtunately ton frequently wasted. 

Many have* |ir‘o(Kised to effect this recovery, but 

very few «4 them luiw frni funiu! really practicable, The extrac- 
tion tit glycnmir iroin the Miapy residuary water of woollen factories 
retjiiire^i a iai suitc*tl to the [larticular composition of 

tlu* Water, whit h iiuiretivcr coiiHiantly changes^ ([ualitatively and 
(luiuitit itively, HU that ttie recovery is a very difficult matter. 

Idle rrc«ivcn')“ funti liie uiajidKiiler s effluent is much ea.sier as 
the Mime problem is always proposed; given an aqueous mixture 
of ||!yccririt% M.wla and chloriile of Hoda to separate out the glycerine 
With ecunomy- 

A method «-if exlraclum consists in neutralising the alkalinity of 
the water witli hvdr^ .chloric aci«k then evafKirating the whole in the 
waterdiath. A syrupy mass resuks from this evaf)oration which 
is taken up with alc«ihol in cmier to separate the glycerine from 
the saline matters. Hiesi* latter utxf only dissolved in very small 
<iuiintity by the alcohol. 

The disiillalicin of the alcoholic solution allows the alcohol to 
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be driven off and collected and the ^jlyeerine to leniiuti heluiid in 
the still in the form of an imiJure hrowinMi n-sidne. 

The process of S. W. Kop[)e, which is imi< h (note [iracticul, 
consists in neutralising completely, to Ix^pn with, the alkalinity of 
the mother waters contaiiiinp; the jtlyceriiic-, riiis neutralisation 
has an important effect on the work of separating; the salts and on 
the purity of the glycerine obtained. Che prodm t thus tre.ited 
is put into shallow vats with a large surface for evaporation and 
heated with the waste steam of the works. It is raiseel to texf t‘. 
and concentrated ; the Kva[ioratioii is very rapid and as the saline 
matters deposit they are willulrawn vvilh an iron take'. These 
.saline matters are thrown into baskets and allowetl to dr.iitt into 
vats and from this Ikiiiid the glycerine is recovered. The h'«iuii! 
is carried to a high temiieratiirc an«l finally put into a still and 
heated over the open fire until the temperature readies tijp (\ 
When this ternjierature is reached it is kc*pl up by a current of 
superheated steam and the glycerine distils over. 


(a) PURIFICATION OK.SOAPV VVATKRs AT A d il.tiaiTNi. stATlON, 

As a typical collecting station dealing with soapy waters vve will 
take that of the Kspierre, a.s withniu contradiction the most miincr- 
ous experiments have been made there. Moreover these walcws arc 
polluted with a variety of sub.staiices and are in huge tinaiUity. 

The watens of the towns of Rnubai.x and ‘I'ourcotng are Itimed 
into this collector which drains all the initrid niatleis in tlie effluents 
of this district. A large projKrrtion of the rUhtenl of the wiKillen- 
mills and dye-works of the district is turned into the Mspierre. hut 
all sorts of works u.se the same ofien sewer and it receives afsir 
the household slops and mUUlen drainings. 

It therefore contains the most variet! accumulations of mineral 
substances and organic matters. There is a heavy proj«»ftion of 
fats and these are almost the otily botlies capable of lieing extrartesl, 
other extractable substances are in twi small proportnm 

The Espierre with its pestilential waters lias t»vrn the t ausr of 
numerous complaints by the Helgian (iovermnem, for on enlcring 
Belgium it flow.s into the Kscaut and tKillmes it. 

This que.stion brought about a diplomatic proiva m ittcii. /\ 
Prefectoral Decree of the 2ist Qctolier, 1863, called in»«m the 
authorities of the two towns of Roulmix and Timrcoing to tleal 
with the nuisance and prevent the Kspierre from carrying inf^tious 
matters into Belgian territory. The results ohtainetl were far from 
good ; fresh complaints were made and the question several times 
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over auru- bcinri: the Chamljcr of Deputies. Several commission.s 
a-ere iu)iniiialwl, amuiijjr ,,tiuTs those of 1866, 1873, and of the 7th 
June, t88t. .\ eomiiuina! eoitiniission was al.so appointed by Pre- 

(bclcjni! 

Tlie nature of the Dspierre water and of the surrounding .soil led 
these eoimnissiiiiis to eonelude that chemical purification was the 
only possible soIuii,,u ..f the problem. In the wool-combing e.stab- 
lishmeiits the extiai'tioii ol the hits can lie made profitable a.s the 
waters c.tint.iiii ti'oiii t) to 1 1 Ivilograininiis of these inatter-s per cubic 
metre. In the e.ise o| the Dspierre as the effluent ha.s the ino.st 
diverse origins the proportion of these bodies is of cour.se much 
smaller. 

Anah'ses of water from the Msiiierre inatle by the h'aculte des 
.Seienees of I .ille on seven eonsecutive day in July, 1H81, at seven 
o'clock in the morning, gave the I'ollowing results : — 

.Uit/u/r of till' koiifuiix </«(/ founoinff IFtt/t-rs taken from the 
h.fterre at the Sartel Pant, 
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The 04.2 of alkaline earl«inates, shown as the average of the 
seven ilays, consisled »if a’24 of carbonate of soda and 0‘i8 of 
carfjminte of jHitassinm. The total nitrogen .showed an average 
of O'OyK, existing as; 


Ot^antc niiK'ijpit 0-090 

AmtntmMcal niitutjcn 

According to the alKJve table the average content of fat in the 
seven days was 1 'So kilogramme per cubic metre. 

We will now rlescrite the works at Wattrelos-Grimonpont which 
have been established with the particular purpose of purifying the 
water of the ICspierrt?. The lime process has been adopted at these 
works, but it has been established with the view of adopting any 
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At the same' tmu' \vv 


of Roubaix and lourcoiiiK 


reached in the !idoi)ti(in 


Delattre of norig:nie 


of the Espierre.— lhis i 


and the Truhon. 


ha. and receives 


and rourcoin 


run into two superptwetl reservoirs, it it iillmvt’j! li. e t iiit< 
lower one, and from there is piimpt!<l into a diHinltuiiiij; tank. 

By means of a regulator the n«»w ol the re.ig.*nt i-. enntr* 
proportionally to the quantity of water to {«? treated and it*, na 
In thi.s way the milk-of-Ume is mixetl with the water i«. In? pur 
in the cistern well. Four centrifugal pumps force the mottm 
Espierre water and lime into a series of twenty «lrt anting ta 
The water i.s decanted from each tank by means «f tw-u s!i 
and the clarified water runs oflf and continues its eour-a*. 

The sludge is dredged out and spread over a *ir»rt of *i?wai»e 
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in the tUMVJilHHirlpHKl of tin* works and this rids it of the major part 
of its water. The ivist' wlu‘rt‘ a reaf^anU', otlier than lime, is cm- 
p!f)yt?d whieh liquid .slud|^n? has been provided for by ar- 

ratiKdnp.' two sluic:es in the bottom and in the axis of each tank. 
By burning, ilu' dritnl slud|^e in s()ecial furnaces the lime can be 
recovered but it is inixtul with the impurities of the precipitated 
matter. 


Lime Process* 1 he lime process has been recommended by 
dark, the euKitmer, and later by I bjfinannand White; nevertheless 
it gives very inqierfeet results. 

The matters in sttspcMision and the fats are properly precipitated,, 
but the lime «loes not eliminate the organic matters in solution and 
these are* llu* source of putrefaction. 

l‘he Royal C ‘ommisHitmen's, W, T. Dennison, E. Frankland and 
J, t'halnuu’^* .M<fnfuu in rr[)orti{jg on the pollution of the Mersey and 
Kibble, described the water after treatment with lime as black and 
foul, with putrid iiialttu' floating on its surface. For the Espierre 
water 3 ki!o|psunmes tif lime aic used per cubic metre, which makes 
the expeusi* for this reagent j centimes. 

“ITe pniifiialion of tho Espierre water by lime is very imperfect. 


’rht‘ water is alkaline and favours the ca 
matins and ihnr couHequeni enlranee 
takes oKypA'^* iroin the air and iRnromc 
inirihed water iHsaniies the source of ntill 
rsiu|* a ki!ogr,iintii«"s of lime per cubic ir 
of i litre* of punlird Isspicrrr water are as 


istification of the organic 
nto solution. The lime 
I the carbonate, and the 
more active putrefaction, 
etre tlte analytical results 
follow : 
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ijtiuyi «»! irnuUir , 
i‘.4k'ii8r4 irniayr , 
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Vellowiah green, 
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m . h \ . . . , 

Clilmitlr at . 

'r«l4l Jifftr 
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,, gfirr luislitig 

Ap|«,a4iii,r 


43« 

-^5 
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84 
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187 
1 29 
40 
26 
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Turbid yellow. 


The linic treatment is very tlifficult to work. The clarification, 
is slow. The sludge is abimdiint. and shortly after a putrid fer- 
mentation sets lip in it which becomes more and more active as the 
tem|jerature rises. I'hc abundance of sludge is the great difficulty 
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in this method of treatment, U rearhrs aliout ruhic na^tres 

^pcr day in the case of the lss|)ierre and an emautihraitca* nf sludge 
accumulates too Ikiuid to he passed into the tiltfu’ press mul cam- 
■pressed. Lime therefore should not Ik* used unless ii aeccun- 
paniccl witli other reagtsU's. 

Acid Process. Let us examine tiu* appliialmu ..f a pnieess t,f 

purifying lCs|)icrre water cm a basis sinulai tu that used at the 
'Wool factory of Messrs, Holden, UyclrcH hlurii .n id is pnurcHl into 
the collector, the fatty acids an* sti at HIhuIx’ and a grease magma 
floats on the surface. It is collecteci, Imt pressed, and ytelth. a fat 
■with a cake as residue whicli unfortunaiely is usuaih* of Hule value. 

The extraction of the grease by this iiirans e. wtv ifusjinplc‘te. 
A yield of almul bo per c'enL is Mblameif. \\ nli bi-ailphidc* uf 
•carbon the yield is much higher, but this irraimeni lin c^satates 
many precautions and a spcmml plant Lately, lenviner, a piaclical 
■apparatus has been devised to extract tlir fat ttilh gasHlio**, Wc 
will calculate the cost of dealing with Iv^pierre wain isaitaifhng 
roH kilo, of fat [ler cubic metre, which is tli?’ average luund by 
.analyHing the water for seven conMnaitive dav-». 

To treat roH kilo, offal in the i iaibic metre uf haguerre water 
we estimate that erjoo kih), of I'oimiiertaai hydioilihuac arid of jJ' 
1 ). is needed. Putting the co%t of tln*'s acid at .| iram'^i ihe im 
kilogrammes and obtaining a yiehl of r^i per cent of itie fatty 
matter, to recover Q’b4tS kitfc tif fat raihic mrltr an rxpniditure 
*of 0‘i2 fr. for hydrochloric acid 

This fat may l>e estitnaled as worth Jt% fiais* the kilo*, 
gramme.s, so that the yiehl of U4H graminr-i e. wohIi «i Ki fr. 
The cost of the lime used in ncutrali-alson mtv 4 hr added* winch 
may be estimated at a centim«3 frr cnlut; nn^ire of water 

To sum up, the 548 gniiimir'^ of lai worili Ki i:en!iineH is 
obtained at art expense oi u cenlnur^ -t 4 cmiimr*. fui rragemts r. 
14 centimes for reagents, Two ceitlime-H only r«nrnim to luver the 
^establishment charges^ wages, emt of fuel* ric.* wlmdi alh^getlier 
insufficient, and with this treatment therefore ilir bahitice ih un the 
wrong side. 

Hydrochloric acid, more and more in demand for rommercial 
uses, tends to rise in price, and it«i application in tlm prm:r‘4s will 
therefore become lem practical Cfinstaiilly* 

Sulphuric acid, the price of which !u** a inidriicy in fall, tnay 

be substituted for it. 

Pi Qalllet‘t Prooisii— Thi^ prticexH can lie to purify 

Espierre water on a basin situate! m Ihe mllmiim from whence 
«the water runs into a cistern provided with mixtniiiical Hiirrer^ into 
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wliich inilk-of-liitu' is poured continuously. The liquid runs into a 
tank from wIkmico tlu- first deciintation i.s operated and the liquid 
.sludtjc is dniinwl at the l»ottoin and collected in four reservoirs, 
10 metres in diameter by 10 inctre.s in height. 

The (Iraiiied sludge may be pressed in special filter presses in 
order to furnish cakers. This procc.ss eliminates the fatty matters, 
the soluble sulphides and thriie-iiuarters of the organic .substances 
pre.seut, and the final residue of the treatment yields chloride of 
lime. 

'rhe action without heat of hydrochloric acid on peroxide of 
iron made from pyrites yields an acid peroxide of iron of 30“ B. 
acting very well on greasy waters, and if heat be u.secl a saturated 
j)eroxide of from 31; to 4«)' H, is obtained. 

M. (iaillet reeommeiiii.s the employmettt of this 40° B. peroxide, 
which, with hydns hluric acid at 4 francs the too kilogrammes, 
costs 4'f«> francs the itKi kiltigrainmes, all charges included. 

foinhitieil with lime- the cost of this a[)plied to the Kspierre 
water is; 

jtMi tu\n% t of irtm af 1^, , , . . 0*0126 

i uj lunr , , . , 0*0300 


If the e-.tahli-dimeiit charges are taken into account, dei)recia- 
tit)ii, ititerest ott * ajiiliil, cost tT maintenance, wages, fuel, reagents, 
etc,, the expensr may he put at 0'072 fr. per cubic metre of the 
I'isiiierre water purified. 

Legrand’s Proaess. In this process the reagent is ferrous 
chloricle. .\s ( uinpared with ferric chloride there is no advantage 
in employing it. 1-erruus chloride is an expensive .salt as it must 
Iw made from ]itire ntn>a)xidistHl iron. It is not an ordinary com- 
mercial artiile .iml the user is compelled to make it for him.self. 
As for its actitm it is less energetic than ferric chloride, the use 
of which h.ts Ihtii recoinmendefl by Dr. Kaene, lb Gaillet and 
(Httming, 

Chloridu of Manganese Prooess, —Like ferric chloride, chloride 
of manganese may 1h' used in treating K-spierre water with lime as 
a luntlmlisef. By this treatment P. Ciaillet has eliminated the 
major part of the organic matter. The chloride of manganese 
uscsl is a by-proflut l in chlorine manufacture, but Velden’s recovery 
pnx;ess makes this salt more and more difficult to procure. 

Howateon'a Proeessi -.Vs already mentioned Howatson’s pro- 
cess appliwl t»> Ivspierre water depends on the action of two 
prcxlucts known as ferozone and {X)Iarite, analyses of which we 
have already given. To begin with the water to be purified is 
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given a first treatment with lime in order to facilitate the further 
processes by precipitating the major part of the sf)Ii<l bodies. Next 
the water is mixed gradually with ferozoiie, largely cmnpn.sed of 
ferrous and ferric sulphates and .sulphate of alumina. I he reagent 
is prepared daily in a special tank. It runs out ol this from a 
regulating cock which dLstributes it in proirortion to the (luantity 
and nature of the water to be purified in a tlecanting tank. After 
decanting the water is filtered and leaves trehind all the matters 
in suspension. 

The water is finally dealt with in a polnrite filter, the filtering 
body being an oxidising agent consisting tg oxides of magnetic 
iron, calcium, magnesium, silicon and aluminium. This oxitlises 
the organic matter. 

According to the researches of A. Langumier the trials made 


of this proce.s.s with the 1 
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l^ivcu the lul lowing 

results : — 










1’ ^kpjffirr 


I'jf 





|n 

i 

r4lmiu4|ir}ib. 

Residue at njo*’ C, . . 


♦ 

rniti 

1 



Colour of reHidue , 



blatl 

U 

hill? 


Losb at red heat . 






Hrs 

Burnt oxygen (acid wdutlon) 




t 

'r«| 


Ammoniacal nitrogen in Nltj 







Albuminoid nitrogen In 




4 



Alkalinity (CaO) 



iS* 




Total lime (CaO) 







Sulphuric acid (SOg) 



7i 




Oxide of iron and alumina . 







Chloride of sodium 



1^; 



S J‘,| 

Hydrotlmetric degree , 







,, „ after Imilinn 


7 % 

It 



Appearance of the water 


. 

miHldv 


atid 





bl4i;k 



The re-sldues are collecUsi 

in 1 

1 tla:iuUifig t 

atflli 

ami the fillers 

are easily cleaned with a 

current 

of wall 

?r. 



Houzeau’s Prooeasi- 1* 

mm 

the 

liiluid'k 

used 

in %\ 

I'aHlutig lignites 


Houzeau obtains a product consisting of a mixture «»f ferrous atid 
ferric sulphates of sulphate of alumina. This rragrtit nets energeti* 
cally on Esplerre water which m then treated with lime. The draw- 
back of this process is that sulphate of lime is prorUienl, aiul it has 
been sought to remedy this, as under the influence of retlucing agents 
such as the organic matter present it forms sidphurettol hydrtigen 
The reagent therefore has b«n treated with the view of converting 
the sulphates into chlorides. 

An analysis of the resultant product shows that its com{X>sition 
per litre is : — 
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, » , , . ,.4 . urammea. 

SulpluittMjf nluminu 199*50 

Ferric Hulphale 10 

Free Hulpluiric aeitl 4 

Ferric cliloritle 

FeiTfRiH chloride , 

InHcduhle clayey nuuters 22*60 

Water . ♦ . , ^^6 


1223 *ro 


'Phis product .still contains a nritable quantity of sulphuric acid 
and the drawback still exists. It requires from g to lo kilogramme-s 
of this reagent to purify i cubic metre of Espierre water. Estimat- 
ing its cost at t franc [ler too kilogrammes, the co.st of treating a 
cubic metre of the water is therefore 9 to 10 centimes, without 
counting other e.xpenses, lime, wages, etc. 

Ferrous Sulphate Process. Purification with ferrou.s sulphate 
combined with Huhs which has been highly recommended, gives 
fairly good results. The major part of the organic matter is elim- 
inated and the soluble sulphides are fixed as iasoluble sulphide of 
iron. Not onlj*. however, is there sulphate of lime in solution, but 
as the prei'ipilalion of the ferrous sulphate by the lime is incom- 
plete, .salts of iron still remain in .solution, and this is an objection. 
It is true that it may be said that these .salts .serve to neutralise 
the soluble sulphides, but it is rare that one or the other are not in 
excess aiul in either case this is a tlrawback to the process. 

Bobllqua’s Process, To begin with, Boblique’s process con- 
sisteil in employing magnesia to obtain, in combination with the 
phosphates and magnesia in the water, a compound containing 
these three bases of great value as a fertiliser. The principle was 
recommettded by .SehlcR'sing. t)n the .same principle Boblique 
matle e*x[ieriments with ferruginous phosphate of .soda obtained by 
his special prm ess which consists in fusing Ardennes nodules with 
irom Phosph.ile of iron is thus obtained which i.s fired to a red 
heat with sulphati* of siKia anti charcoal. The cooled mass is left 
for srune days in the ojK'n air. It is then moistened with water and 
gives fine crystals «if plmsjrhate «)f sfxla. 

latter still .\l. Btiblitiue obtained the pho.sphate more economi- 
cally by the action of stsla on rwionclite. which at the .same time 
[irtKluccs alumina as a profitable by-product Lately M. Boblique 
has betni exjH’rimenting i»n the Espierre water, but he prefers to 
remain silent as to the results. 

A, and P. Bualne’s Procasa— Applied to the Espierre water this 
pr(x:ess dejaintls on the action of ferric .sulphate. Trials were made 
at Griinonjamt im .a daily flow of 20,000 cubic metres of water for 
five weeks. The ferric sulphate introduced is converted into per- 
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oxide of iron by the salts of the alkalies and alkaline earths always 
present in polluted waters, ant! this precipitates, rarryin|.t ^vith it all 
matters in suspension, the fats, the allnnninoid suhstatiees, the tadnur- 
ing matters and the soluble suliiliiiles which are^ fixed liy the iron 
and transformed into insoluble sulphide' of imn. I hc‘ inajtjr part 
of the organic matter in solution and the inajurity <d the inicrobes 
are carried down by the precipitate. We liave alreatly ipven some 
data on the process. 

Comparative experiments with the lime an the l<s]»ierra 

water gave the following results; -- 
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The water riiOvS off clear, colon anti iwfhtisiie-rij anil j-i nriitral 
or only slightly acid. Thv sludge dejHiHiied afirr the inm Milphate 
treatment, after being sfiread over tlie sud ,uid tkml ha^ ihr fulhiw- 
ing composition;™ 


Wat^r. . , , , 

Mineml rejiduts . 
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Nitrogenous organic matwris 
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The fats are extriictctl with luHulphiilc' «»f } jiry art* 

compoHed of thu fatty mattcrH frmn «Mp au.l latM, 

After this treatment a p«ivvc!cT rciiuiiii'* whah mjii.iiiri \ jwr tntt, 
of nitrogen. The fats may l»e dintiUrd tutli ^ujK-i!H-.,u-d -.team. 
Products are obtained in this H*ay tt-htcJi c an U; ii*.rd mi ami 
candlc-raakinK or as lubricants, Tr, d«,l «-.!b ih,- l .p.rur water 
an average of i kilogramme of toric .ulphatr mud !«• u.cd ,>er 
cubic metre. This reagent is prcparml with roa’.tr.f jiyrile<i, an 
abundant by-product in many iiitluHtries, by treating the i»yriie<» 
with sulphuric acid of B. After obtaining a thn k .yrtip the 
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whole i.s heated for several hours at from 100“ to 150° C., and in 
this way a dr}' powdery ma.s.s is obtained, which, taken up with 
water, gives ftrrrie siil[)liate .solution. 

Solution of tho Question of the Purification of Espierre Water i 
Application of Deiattre's Process.—'l'hc international problem of 
purifying tlu; waters of the ICspierre, which i.s of great interest to 
the h reneli and Belgian (tovernn\ent.s, and to the towns of Roubaix 
and 'rourcoing, began to be considered an insolvablc problem. After 
many years and long series of experiments the interested towns 
of Koubaix iind lonrcoing have decided to adopt the process of 
M. J- Delaltre, as a residt of most ct)nchisive trials. 

An agreement between the towms of Roubaix and Tourcoing was 
entered into in Idijy, liy which Dclattre agreed to purify 100,000 
cithk' metres o( \valc:r (ler ilay and to put down a plant at his 
Grimonpoiit works in order to ohttu'n this result. 

I he two towns oi Roubaix and 'Fourcoing agreed to find 270,000 
fnmcH per aiimmi. ami .M. Delaltre will be allowed an annual 
•sub.sidy of .P'S.ooti (tviiies for the undertaking. This subsidy will 
cease to be granted as soon as it is |)roved that by treating the 
resifiiiary waters will) a view of obtaining vitriol a sufficiently re- 
munerative result is obtained. 

We havt? already dest ribed minutely in a paragraph relative to 
the purilieation ol soapy waters at the works jiroducing tliem the 
process of pnrilyiiig the ellhient of the wool-works at Dorignies les 
Donai by suljihtiih: at;id. Dclattre intends to apply this process on 
a large st ale in pnrilyiiig the hsiiierre water. A slight modifica- 
tion, however, will Iw intrtKluced in the recovery of the fats. At the 
Cirinuuipoiit works ihiswill be effected in one operation instead of two. 

'File two proiesses, pressure ami extraction, will be advantage- 
ously replat ed b) a single ireatmeiil aiming at extracting the fats with 
iH'iizine with a subsetpieiit recovery of the lK,*nzine from the liquid 
slutige. The suiniine fits, the sludge cakes and the vitriol will give 
three resitluary priHliu ts which will yield a large profit. The Franco- 
Belgian question of the purification of the Fs[)ierre waters, which has 
Ireen bicuiglit UTore the Cliandrer of Deputies, and which, outside 
the rjuestion of its high tetdmica! im(H)rtance, is deeply interesting 
from the jroint of view of the public health, has thus been re-solved. 

(f,) fTlI.lsATtciN (It TIIK RKSIKUK KR(»M TtIK fUKIFICATION OF 
SOAfV WATKUS AM» EXTRACTION OF THE FAT.S. 

The fats extractwi from soapy residuary waters can be utilised 
in candle anrl soap-making anti in the manufacture of lubricants. 
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At the works ofM. SoufTrice at Saint- Dt-iiis tlu* fats extracted 
from residuaiy waters anti from the scum of the same are very 
advantageously treated. It is tlinicuU to use tlie fats from the 
effluent of wool-works or from the I'.spierre water in soap-making 
because of the presence of ct;rotic acid, Nevertheless alter innifica- 
tion they may be u.sed in .soap-making, ami tin's is facilitated by 
mixing them with fre.sh fat. A stiap known as s>ir,m t/<- for 

instance, i.s made by mi.xing the recovered suintine with tallow 
and resin. At Holden’s works the cemtie .iciil is istilaled from the 
other fatty acid and tlu; oleic and stearic acids are s.ip..niried iti a 
pres.su re kier. 

Trials with Rohard's [irocess .show tluit melted snint soiiu-time.s 
retains as much as loo times its volume of suiphmetted hydrogen. 
This fat undergoes a mudificatiun of its eonstiuili<<t». .iinl moreover 
the carbonate of .soda will luMlecomjKised iiisfantaneotisly, aiul this 
allows the fat to be saponified in less than h.dl an hour with a 
cold solution of carbonate of stsla. ttutsidrthe ipie-.lion ol the 
value of the fats extracteel, the residue, in llie torm of sludge c.ikeH, 
can be used in agriculture, and are of value ai cording to their rich- 
ness in nitrogenous matter. 

In the extraction of the fats, hisutphide of « .u Imiii may very 
advantageously be replacetl by gasolene. Working with the ex- 
hausting apparatus of Dotiai’fl am! iloulrt. gasolene e* u-ied witliout 
danger. The essence is distilled by steam in a « lo srd ve-wel. then 
condensed, and after extracting the fat i.eiy thmoughly it is re- 
covered almost without loss ami may he used ag.nn 

Thi.s apparatus is .shown in fig. t.yh ami mnasii of twin-lsiilers 
A and A' and two extractors B and B. 

Two lat^e double pipes K and I*’, connect « ach extractor with 
the boiler below it. The extractors B and B are ihatgni with the 
matter to be exhausted, the Irotier A contains the gasolene, water 
and oil from a previous njxjration. 

The tap.s F, H, J are turned an, ami after ijnillmg the tafW 
F', H', J' the steam jet S is turner! on. I'he e«»-.ence di*»trls .tnd 
rises in the tube K, then on turning on the tap 1/ cold water circu- 
lates in the flat coil T, and the essence enmlen'ics. 

The taps F, H, J being a|x.'n, and F', II . J shut, sieam is turned 
on by the jet S'. The essence distils, in the pipe, and is 
condensed on the coil T by turning into it cold wair-r fry tneaiw 
of the tap U. The condensed essence falls in a hot rain rrtvr the 
matter, and extracting the fats carry tJrem away evith it. After 
re-cooling in the coil G, in the boiler A, the es-wtree is recovered 
from the fat by turning steam from the jet V into the coil T. 


I’llRIKU'ATION 1!V CMKMICAL I'ROCESKES, 295 

1 he boiler b and the extractor A are cleared out, and the 
.s[)eiit materia! i.s fjeiierally used as manure. Then the work is 
carried tni :is before 011 the matter to be exhausted of fat in the 
extractor H'. Tl\e recovery of the benzine leaves only a slight 
loss, put at about -25 per cent, of the benzine for every 100 kilo- 
Ijranitntts of matter treated. 

A recent improveimmt in the apparatus of Donard and Boulet 
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Fii*. find Bouki*a fat wtmetor. 

is shown in tig. 122. It consists in using three boilers, which allows 
the prtniuct of the exhaustion to be turned into the middle one, 
and in this way the fats are extracted by a continuous process 
which doubles the wtrrking capacity of the apparatus. It follows, 
therefore, that the size of the apparatus may be diminished. 

In th«! process of purification by lime, this reagent may be 
recoveretl from the calcined sludge and used again. The calcina- 
tion of the shidge from divers sources yields an illuminating gas 
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with !i liRlUiiiK powt-r .superior to tlmt furnished by the Paris Gas 
Company. 

M. Durund Clayo calculated, at the Clichy Laboratory, the 
ilium ituU j)r>vvci of^^as t^xtracted from the stag’naiit sewer waters 
of the Cdich}" collector. According’ to his analysis, the composition 
of tlie gas obtained was j™ 



CarluirUc ttciil 

• ' • * 13 3^^ 

()}<idet of aulunt . ..... 

* ‘ i 5 * 7 ’ 

SiiljiluirrlUd hydro^jem 5.70 

Nitrogtoi »nd tithrr rtuuin?^ .-g 


I he specific gravity of this gas was 0*92. It had a good light- 
ing power and its e.itiipoKitioii proves it to be very similar to coal 
gas. It will lie seen that tht! sludge from residuary waters can be 
turned to profit, particularly those from woollen factories and from 
the I'ispierre water. ICxjRTiment.s liavc been made at the gas- 
works at Tourtaiing by M. Harrois, the director, on the limy sludge 
from the lv.pierre. .According to Uie analysis of M. Garreau, a 
[irofessor at the Lille I ‘niversity, tin's .sludge contains: — 

m^Urit jnrt tpiUUrd t»tt I2*8r 

I. M .. ihrndc,4lly 16*27 

Ufrtiinialdr yuiiiroU niitllrrti . 23*46 

Shulfp’ dfird In 47*46 


The mineral mnllvvH in this sludge were oxide of iron, sand, 
chalk and alumina. A tr»n of this sludge, dried, gave 200 cubic 
metres cif gas, with a ligliting power of rj6 as compared with the 
Paris gas, the lalter lM*ing taken as the unit In addition to lighting 
gas, ammoniat al prtMlucts and tar are obtained in the distillation. 

h'inally, a lightly jdicy^phated powder remains in the retorts 
which may In* micd an a fcrliliser and selLs at 2 centimes the 
kilognunme. “riiis jiowdcr contains phosphates, potash, a little car- 
bonate of Hi»da ant! lim«% After extracting the utilLsable matters, 
the fills, etc , tlic residue in usualty employed as manure. It i.s dried 
In c»rdinary %Utvv\ or Indter still in a rotary apparatus drying solid 
matter in a vactnmi, m fiir imumcc that of Donard and Boulet, 
which allowH the prtw::rH*% to bc'^ carried tai rapidly and economically. 

This apparaltfs consists of a horii^ontal cylinder A in bearings 
G on hollow^ axles giving access by the .stuffing-box D to the 
steam for heating piirfMises, and for the purpose of clearing out 
after work. The steam is .sent into a vertical circular ‘chamber H 
formed by the left side of the cylinder and provided with cogs E to 
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rotate it, A .seric.'i of horizontal tubes, B, inserted through this side 
of the cylinder and shut at the other end, provide a large heating 
surface, estimated at about 50 stjuare metres. At the other end of 
the cylinder a pipe puts the hollow axle in communication with a 
double effect vacuum pump. The vapour from the treated matters 
is carried out by tin; stuning-bo.x 1)", and the matters are put in at 
the inanht)le C‘. 

Iti the course of the fourth part of this work, relative to residu- 
ary waters, we had the occasion to examine the utilisation of certain 
residuary products, and iji particular the sub.stances recovered from 
the waters of woolkm factories. VVe noted that the process of 
Maumene and Rogelet by calcination of these residues obtained 
from 70 to Ho per cent, of pure carbonates and lighting gas with a 
strong illuminating power. 

d'he use of oil of acetone in Switzerland for denaturising spirits 
of wine,' suggr-sted to A. and P. Biiisine the idea of manufacturing 
this product on a larger scale in order to allow its applications to be 
increased, 

,'\eetone oil is a mixture of ordinary acetone, methyl acetone, 
methyl propyU ett)tie and other higher cetoncs. To obtain acetone 
oil, the wasii litpiors of wtiol in suint arc allowed to ferment for 
a few days in tanks. 1‘arbonate of ammonia and volatile fatty 
acids such as acetic, propionic and butyric acids are thus formed. 
I'lu* atnmtinia is driven of| by hejiling the liquid which is then 
soured with sulpluiric acid, ami heated with a jet of steam to obtain 
the volatile acids. These acids are saturated with lime and after 
evaporatitm »listillt?d to dryness. After several rectifications the 
distillntitm prmlmt gives 60 irer cent, of methyl acetone boiling at 
Hi C. a litre of fermented liquor yields 20 gramme.s of volatile 
acid, 

I )ne mibic metre of scour licjuors from the wool factory, marking 
ti H„ gives 15 litres of acetone oil. Carbonate of potash is ob- 
tained without any rlifl’iculty from the residues of the distillation. 

♦Ilwi itJ spirits.— T k» 
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ANALYSIS, 

Useful hints as to the troultlcs which may n-siill Crom the nse of 
particular waters for industrial puriiosos, anti at tn tiu- tvtiifilics 
which may be eftkaciously np(>llal. tan Ih- gathoroil hy tin* ilctcr- 
mination of the substances contained in the watec. Water slutuld 
therefore be tested qualitatively fur all the dilferent ■♦tde.t.uu t-s which 
it may contain, and particular atteulii»n shnuhl Ik* pant to llnme 
bodies which may have a |»oud or liail inlluent e atutnlinq as to 
whether they are containetl in the water in greater or smaller 
proportion. 

The analysis may he made hy the hytlroiimetrit (volnmetric) 
method, which is ea.sy to use, as little a{iparatu*» i*. rtece^ .aiy ami 
tire operations are .simple, nydrotimetric atialy a i is used particu- 
larly to tot for certain salts, such as those of the alh.dine earth ; 
and in order to complete the information whicli the maiinfaciimtr 
should have concernitiff the water he icrs, wc will liesmhe in a 
third chapter the methods of analysis by which hr can ascertain 
the proportion of the principal iKKlies contained in the w.nrr. 

Sometimes in analysing water, the results fnrnishi-d hy the 
hydrotimetric method are checkeil liy testiiq; the water lor each 
particular substance in the inamurr alwHii to tie dr*n;ritK*«l. 

The Use of Distilled Water In Analytls. It ts nrcrs.ary in 
analysing by any method, to make use of chrmicaily pure* water. 
It will be understood that if reagents l»c prepared w ith impure 
water or one that is not absolutely chemically pure, the hnpuritto 
of this water will be discovered in the sulwcquenl tr ip* ami inklead 
the analyst. In the same w*ay the result of a quantitative analysis 
will be misleading, and in hydrotimetric analytis the figure * for the 
water will be put too high. 

We will show, therefore, the esfiecial precautioni to la* taken in 
order to obtain chemically pure water by (h%tillation. T he water 
distilling apparatus, made on Egrot's system, may t>e uhwI in the 
laboratory and In distilleries where the purity of water is an iriificif' 
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tant pictor in the dilmion of alcohol. The Egrot apparatus is 
e.spccially used in the inamifacturc of mirrons. 

I he water to l)e tlistilled i.s put into a copper boiler lined with 
[)iire tin. A .steam coil tratisforin.s the water into steam, which 
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tmn intr> ii pifK" iuirl h ccjiuleiiscd iri the distilled water cistern. 
Neither Iminiriticn ruir uneandensed water can pass over. 

Thi^ ajipariilu\ prcMlueing- from 25 to i,(x» litres of distilled 
water hour aecctnling io %im, acts automatically, The level of 
the water in Ihr bnler is kept constant by a supply which is used 
to cool the Himm and therefore k hot when it reaches the boiler. 




CIIAITKR XXV. 

QUALITATIVE ANALYSIS OK Sl'HSTANCES IN NuLf lTUN IN WATER. 

The substances mo.st frequently fmiiul in water are : 

Sulphuric, carbonic, hydrochltirie, sulphutoti*., silieie, tiitrie and 
nitrous acids. 

Potash, soda, lime, magnesia am! ainiimnia. 

Organic matters and divers matters in >.HS|»c-iHiun, 

The acids are usually c:t)in!»ine<l with the l».ises, f(>rmini' salts 
which are generally in solution in the water. In .uhlitimi tu the 
substances enumerated: iron ;uui /iiu", then group of metals, 
the salts of which are [laisonous, ccip(irr, le.ul ami .irsenii are also 
sometimes found in water. 

The presence of these jjoisotunis salts renders the water unfit 
for certain manufactures, and in particular fhr tlie preparation of 
beverages, such as beer, cider ami mineral waters, atnl in ice- 
making. All the above .substances whitdi rnaj lie eont.iitied in 
water should be te.Hted for by rjualitativc an.ilysis 

I. Qualitative Tests tnii the Ai n»s. 

Sulphates. — To detect the presents* of Hulpfi.ites iu water, a 
little of the water is put into a test tula*, am! a few ihtin*. of hydro- 
chloric acid are added. Then a stilutitai of chloride «»f iKtrium is 
added drop by drop. If the !it|Uoi' Irecornes turbid and a white 
precipitate form.s, the water contains sulphate', in si.hiUon. 

The white precipitate is sulphate of Irariiurt. formed liy the 
following reaction : — 

BaCla + H,SO, BaSt), + aUtl. 

The more abundant it is, the rm»re sulphute the water contains, 
and this gives an approximate idea of the richne-is of the water in 
sulphates. 

Sulphate of barium is insoluble in acids, consequently when an 
excess of hydrochloric acid is adder!, if it h really sulphate of 
barium the precipitate should remain untii.ssolved, 

(joa) 
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Carbonates and Carbonic Acid. - If the water contains bicarbo- 
nate or free carhotiic acid, on the addition of a little lime water 
a white precipitate is formed, 'I'his white precipitate of carbonate 
of calcium is forineil by the fullovvinp; reaction; — 

CO, 4. Ca{()ll)., CaCO., + HoO. 

On adding ;m excess of carbonic acid, or on poiu'ing some 
.seltzer w.iler into tin; test tube containing the precipitate, it dis- 
appears. as it is .soiuliie in an excess of carbonic acid. The pre- 
cipitate is also soluble in hy<lrochlt)ric acid. 

VVlnm water contains c.arboiiate of calcium, the addition of a 
little tincture cif logwood produce.s a redcILsh-violct colour. This 
colour is lighter or darker according as the water contains more or 
le.HS carbonate. 

Chlorides. A little of the water to be examined is put into a 
test tube aiul a few ilrofts of nitrate of .silver are added. If a white 
precipitate is pr(«luml when ammonia is added until the solution 
is quite alkaline, tin* precipitate ftirmed is chloride of silver; — 

.\gX(), (• IlCn - AgCl + MNO3. 

The formation of the chloride of silver of course .shows that 
chlorides are prestmt. 

Nitrates. A test for nitnites in water can be made with .sul- 
phate of dipheriylatniue. This reagent is prepared by dissolving 
one-tenth t»f a giautine of diphenylamine in ten cubic centimetres 
of pure comentr.ited sulphuric acid, free from nitrous fumes. The 
test for iiitrales in the water is made in the following manner. 
Alaiut a <lozen dmps of the reagent are put into a porcelain dish, 
and over this the water to Iw testctl is allowed to fall drop by drop. 
Care imtsl lx* taken to avoid an excess of the water, which would 
cause the coloration to dis.Hpj>ear. As a rule the maximum amount 
of water adtlnl is half the volume of the reagent. If the water 
contains nilialcs a very ilistinct blue coloration is produced. By 
this test t>ue miUigr.unme t»f nitrate in a litre of water can be 
detectwl. 

In testing for nitrates brucine may also be used. This test will 
detect from i to a milligrammes of nitric acid in a litre of water by 
the pink coloration formed. 

In using brucine § or b drops of the water to be tested are put 
Into a jKircelain dish, and then the same bulk of brucine solution, 
and finally alxiut 1 5 drops of sulphuric acid, drop by drop. If a red 
coloration is prixlucetl the water contains nitrates. 

The solution of brucine is prepardl by dissolving i centigramme 
of brucine in 30 cubic centimetres of distilled water. 
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Nitrites,— When a water contains nitriles it proves to begin 
with that it is badly aerated. The presence of nitritiN in water may 
be discovered by the aid of a solution cd’ meiaplumylenc diamine 
prci,)arecl as follows 

Five ccntii^rammes of metapluaiylene diainiiu’ are dissolved in 
10 cubic centimetres of distilled water, to which a hnv dntps of pure 
sulphuric or hydrochloric acitl havi* brtm atlded, lliis solution 
should be prepared immediately l)tdnre use as n keeps hailly. 

In testing for nitrites alunit io cubic centimetres of ilti* water arc 
taken and half a cubic centiinetn* «»f th«' reayeni is added, 'fhe 
presence of nitrites is sht)wn by a reddish yellow « oloralion. T\\^ 
quicker this appears, and tlie darker it is, the laore uitritc^s there 
are in the water. This reactitni allows the presnu r *if i iiidligratiunc 
of an alkaline nitrite tf) be detected in a hire of water. ,uid this 
small amount Ldvas a very apiuaniahle yellowish cMhati. In this 
reaction nitrous acid is produced atid the in«iaplif‘n> leiu* diamine 
is transformed into Bismarck hrown, c»r Iri aiiiitlo^a/Ml^rni/etir. Tlw 
presence of nitrites may also In* testeil fur with ailphanilir acid. 
In this test ro cubic centimetres of thi* wales are pm sniu a test 
tube and a drop of very pun* dilute sulpimrii at id e. added, then a 
drop of a saturated soluti^ni of sulphalr of naphtli> laminr. 

If the water contains nitrites, a culurattun e. piudmed tinning 
from pink to ruby red. ‘fhe ruloralion Itirife* with imtre or less 
rapidity according to the prriporiiun of niinh* pienriiL 

Water containing i rnillignmiine of' tmriu* pn hire |-n-es a very 
apparent pink coloration. dVom^dorff'^ prorr*-.^ wim li e. very much 
used, detects the presence of niti ilc*s m water by a bhir « Mfuraliun 
which is more or less intense arrording to the prupuif|,?ii ul' intrites 
present. 

About 20 cubic centimetres of the water lu r\4minrd are put 
into a test tube, arul 2 euluc eentimrio-. of rronr.dorif'n reaurnt 
with from 4 to 5 cubic centimetres of Miitv ^ail|dnire ai id are added. 

If the water contains nilrile^i there e* a bhir lolotaiion m the 
liquid owing to the formation of iorfiilr of %t.iu:h 
TromsdorfTs reagent k [-jrepared wiiti : 


Chlarick af 
Surch 

Dlstilkd w^ter . 


.ill 


The whole is boiled together for -si^c 4«ldiir|.^ tii’drileil 

water from time to time to re(>liict; the cv.ijwiratr.} * 

After cooling, 3 gramme** d( iMlicle *ilf ..re .unj the 

whole is brouglit up to t litre. The reagent kft to letile for 


i.iliAI.ITATIVl'; AN’AIA'.SI.S OK SUUSTANCKS IN WATER. 


twc'nly-fi'iir lumrs, then tU-i anlal atid kupl in a bottle of yellow 
plass in a dark place. 

Sulpliocyanides. Walcfs arc .somelimc.s iwlluted by the in- 
Ciltnitiniis iVom 'I'hcsc waters contain .sulphocyanides, 

and llu' presence of these very poi.sonous bodie.s makes the water 
lotally unlit I'or use in several nianufaelures, and o.specially in the 
preparation ot ln-verapes, such as eider, beer and mineral watens, 
and of course in the niakinjj of ice, 

'I’o test for Hulphoeyanides in a water .suppo.sed to contain them, 
the water is eonei-ntrateil by hoilitiff, then fdtered, and a few drops 
of hydrocltloiu' aeiil are added and a little pcrchloride of iron 
solution. It sulphoeyaiiides are pre.sent, a red coloration will 
appear, more or less intetise according to the proportion of the 
suliihoeyanides present. 

Sulphides, 'Idle presence of .sulphuretted hydrogen, free or 
ecmihinetl. can he detected m water with nitrate of lead. 

If a Itrown coloration is forineil on adding a few drops of nitrate 
of lead sohitioit to the water it contains sulphides; — 


ri. t.N'O.t, f I 1 ..S 


I'lrS + 2HNO,. 


Tlu’ free stilphuieiijsl hydrogen also makes it.s pre.scnce known 
hy the eli.ir.icteiislie <«iiiin of stale eggs which it emits. 

Hy making tl»- following test it can be ascertained whether the 
water contain', (n r sulphuieited hyrliogen or sulphuretted hydrogen 
eomltined. that i- l>< '-a) a -.ulphitle. A llask is half fdled with the 
water to 1«' tested ‘1 he flask is then stoppered with a cork with 
a hole cut through it t Her the hole is placed a strip of paper 
stet'jK’d first in ,i 'i**hilion i,f ata'tate of lead tint! next in a solution 
of eurbiiiale of aninionia After having sluiken the fla-sk, if the 
pajier dot", n*a linn hi own the water contains no frexi sulphuretted 
hydrogen. A few .hops of a solution of fiitrate of lead are added 
to it. If there is a brown |>rei ipitatc the water contains a .sulphide. 
Witro”prussi,4ie ot '.itti.t is ailso a lest for sulplnries. \/Vith a solution 
of this, the water takes a violet coloration, which di.sappears gradu- 
ally. Free ••uiphuretttsi hyilrt>gen does not give this coloration 
with nitrtt pi Ussiate of sotla, 

PhoBphatBt, lo test (or phtrsphoric acid, 25 cubic centimetres 
of the water to Iw tested are jiut into a test tube and acidulated 
with nitric aci«l, then the volume of the water is reduced to a half 
by iMiiling. It is then filtered. Into another test tube 2 centimetres 
of this iKiiled.tiown water are treated with from 6 to 7 cubic centi- 
metres of a soUitiun of inolyNiate of ammonia. The solution in 
the test tulie i-* raiscfl tt» .a temperature of from 35 to 40 C., and if 

ao 
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a yellow precipitate then falls dawn it nintaiiH phtisfihatt-; in solu- 
tion. The precipitate formed is phospho-molylHlalf nf ammoniii 
and is more or less rapid in formation accnniini; to the iiuantity nf 
phosphates present. 

Silicates or Silicic Acid. 'I'he test (nr 1-. ma>le by ev.ipor- 
ating 500 cubic centimetres of the water to di \ iie-. * to .1 iMueelain 
cap.sulc, fir.st acidulating' it with liyilrtiehloiit at i«i. 

To the residue thus obtained a lew tirop . of liyilioi hloiie .u id 
are added, then a little water, atid it i-* libeieil .md tlie pin ipitate 
retained by the fdter paper is well waslietl with tb uillni water. 

'I'he precipitate is then ealeined and it -ilit .1 e. pjr .rrit in the 
water a white jiovvder is thus obtained I be. nia\ In- itH-iolved 
completely in hydrofluoric acid li)- evapoiatinj; it m tin- a< nl -.everal 
times over. 

2. QUAI.tTATIVt: Tl-:sts KJti titt Hvst s. 

The [ircsenee of lime may Ire detected iii i»,«!ri «ii!i date of 
ammonia. About 50 cubie eeiititnetrc s ot ilu- watn .oe pm into a 
test tube and 2 or 3 drops of aminonia. and ihm ,• 3 . ubu «enti 

metres of a to pc-r cent, solntinn of eldoride t.r .ttnnn ana. .md imaily a 
few cubic centimetres of 11 i<i|«*r eent soluiuai oi ..s.d.ite .-1 ammonia 
'I’he whole is tdlowed to settle, and if a wlnt*- piet ipilale, in 
soluble in acetic, and oxalu acid, hut solnbie m b>dioih!otu: and 
nitric acid, i.s formwl, the water loniains -.alt hine. and the 
preciintate is oxalate of ealciuin, 

IVtag^nesifti — To a.Ht:ertain if a water loiitam-. -i.iU i o! tnatptrsia, 
the te.st is made m in the ease of Itme abe.eiy de « ri}«d If a 
precipitate of oxalate of lakiuin is formes! the ^oUition ss idtercd 
and the test for magnesia is made mt the fdtratr I << t!ie idtrate a 
few drops of phosphate of sorla are added, The iolutn.n h .tirrrd 
up quickly with a glass rtxl, and alloww! to .(riiir loi twriu- liour*. 
or .so. If a crystalline white pr<?t ipitaie forms, ilu-i prove, the 
presence of magnesia. The predtiititlc is .r plu. a.iwlr oi maenesia. 


acidulated with a few drops of hydoichh 
completely evaporated. This is then jarurc 
t 

paper moistened with distiileti water is then put !o«»- 
of the test tube. 

The test tube Is then carefully warmer!. If th 
ammonia or ammoniacal salts the litmus tunis him 
aNHjCl -+- Ca(OHh • CaCla + Nil, + ; 
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characteristic odour of ammonia, moreover, is given off. 

A test for amtnouia may also be made with Ncssler^s reagent. 

About s cubic centimetres of this reagent are put into 50 cubic 
centimetres of the water to he tested, and the whole is shaken up. 

If the waten* contains ammonia, a reddish coloration is produced, 
<lepeitding bh to its iulensity upon the amount of ammonia in the 
water. Nessler's reagcml is prepared by dissolving 35 grammes of 
iiuiidc* of piUassium in 2^ cubic centitnelres of hot water, then a 
hf»t saturattnl solntittn cif bichloride of tnercury is made and added 
to the iotlitle until the rvi\ precipitate of iodide of mercury thus 
obtained nt> longc*r dissolves. 1 ‘he ]it|uicl is then filtered while still 
hot. A Milution of 75 grammes of caustic potash in 100 cubic 
centimetn‘s of disiillerl water is added to it, and the whole is brought 
up to 5cHi inline I'entirnetres with distilled water, finally a little more 
of tlie solution t»f bi< hloritle of mercury is aflded. It is allowed to 
settk*, tlu’ cltsir liquid is decanteti and Nessler’s reagent thus ob- 
taints! i-* reatty ft»r u%e. Idiis reagent must be kept in the dark 
in a well sttipperni butllr. 

Soda and Potashi 1 o test for the presence of the salts of the 
alkaline metals, nodium or pi>tassimn. 50 cubic centimetres of the 
wati*r tt* Ih’' tested are put into the test tube and a solution of baryta 
is atlderl hi rxeess. Hie carlimiate rdMime in solution in the water 
is [inn ipitatrd, and alsii all the metallic salts, with the exception of 
the sails of the alkalies and of the alkaline earths. The liquid is 
then ftltricsl, and the sulphate of calcium, chloride of calcium to- 
gether with the {*xress of fmrvta in the filtrate, is precipitated with 
carlamate of amimaiia. Hie lii|uid is filtered, evaporated to dry- 
ness, and the residue ciilcinetl in order to drive off the salts of 
ammonia, 

Hie lest f »r the m\U of Ho«lium and potassium is made on this 
calcined residue. It is taken up with distilled water and the salts 
<if jHilasHiufti and sodium txnng all soluble in water are dissolved. 
The liciuid k then divided iritri two portions. The one is tested 
for »ixli«m, the other for jKitaiHium. 

80dlum» If the water coritiiin!i a salt of sodium, on adding acid 
pyroantirrmniate of }H»ta^^ium (bometa-antimoniate of potassium) 
to one of the jmrtionH iif the water, a crystalline white precipitate 

formed which however some time to appear. 

Potassium* IV* the «*lhcr jiortion of the liquid, concentrated as 
much m |i€.wible, chloride of platinum is added. If a yellowish 
precipitate k obtained the water contains a salt of potassium. This 
yellow precipitate h a double chloride of platinum and potassium. 
The pre^nce of pom^^ium may also be shown by adding to the 
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water a very concentrated .solution of sulpliate of :thiiuina. If 
a cry.stallino white i)recii>itate is olitaiiied. imtas^iniii is present 
and the precipitate i.s alum, th.at is the double suliihate of aluminium 
and [)0tas.sium. 

On addin^r acid tartrate of .soda to the water a eiyNtalline white 
precipitate of cream of laitar, that is aci«l tartiat*' ot potassium, 
show.s the presence of [jota-s-sium. The formation of tlie preeipitutc 
is facilitated by shakiiijr the test tube. 

3. QUAI.ITATIVK TK.'i’f.S MIU Till' Ml lAI.s. 

Iron. — To detect the presence of iron in water. eiibie centi- 
metres of the water to he te.sted an' put into a test tulK*. a lew 
drops of nitric acid are added, and the h'liiu’il e. joiujentrated by 
boiling. After it has comjilelely ctMiled, a few «lrops of a st*lution 
of .sulpho-cyankle of ammonium are adtled. If the liiptid turns reil 
the water contains iron. If in plaec of the sniphoi yanide of potas- 
sium fcrrocyanidc of potassium is added, .1 blue roliuation is 
obtained if the water contains a salt of iron. The red and l*Iue 
colorations are the more intense as the water t ont.iiie. tnore iron. 

Lead, — The jiresence of lead or ol a s.dl «<f the iiiel.d is «|i'tected 
in water by filling a .series of test tubes with the w.itei to \ h - tested 
and adding the following reagents. ( In the additum o| •ailphmelted 
hydrogen the presence of lead is shown by a bl.n k precipitate 
insoluble in hydrosul[>hate of ainmoni.i. 

Ilydrosuliihate of urnmonia gives a black pi« «t|»itate insolubk’ 
in an excess of the reagent. lodiiie of jHitassmin gives a yellow 
precipitate soluble in an excess of iodule ot pot.i .smm m in potash. 
Chromate of potn-sh gives a yellow precipitate ■.filnblr in potasli 
and insoluble in dilute nitric aci«l. 

Copper Cojiper .shows its presence by the Inllowme ir.it li<»ns. 

Sulphuretted hydrogen {irtKluces a lilack prec ipitate. I c-ikh yanide 
of potas.sium gives a reddish-brown precipitate ni-iohilde in hydro 
chloric acid. Thi.s test is a very delicate one, .Xintnoin.c gives a 
blue coloration, In testing for cop{K*r the water dionld In- concen- 
trated by boiling to commence with. 

Zinc.— A.s in .searching for eopjier, the water ihonld fir>*t In? 
concentrated by evaporation. A few tirops of hy<!roch!«*ric aciil 
are added. A current of sulphuretted hyclrogen i?« |a-»'.i d through, 
then a little ammonia is added, and if /itic is picHenl a white pre- 
cipitate of the sulphide forms 

ZnClj + II,jS •• iinS + allt l 

With hydro.sulphate of ammonia the same white precipitate 


unALlTATlVK ANAI.VSIS ()K SITHSTANCKS IN WATER. 309 

if suli^hitl^' nbiHiiuHl if ammonia is first added to the 

A'atcr until it suudls stroni^ly of it. The; sulphide of /fine obtained 
is soluble in h)‘dnH‘htnrii‘ aeitl, and insoluble in an excess of hydro- 
adphate of ainnionia If the water is concentrated, on adding 
[KJlasli or aininoiiia a white prt'cipiiate, soluble in an excess of the 
reageutt, show»* the jiresenec* of /inc, 

ArsenlcM A little nitric acid is atided to the water to be tested, 
and it is evsipoialecl to tlrvnc^HS. 'rite residue thus obtained is taken 
up with sulphuric acid and then calcined in order to drive off the 
nitric acid. 

After cooling, tlu^ resithtt* is taken U[) with distilled water and 
put into a Marsli apparatU'., that is ia say siini)ly a flask containing 
i heiuii'ally pine p,raiiu!.ttrd Am with a tube fitted into the cork to 






Vtu, 8 «r^l t»«t 

iilltnv Hulplnuii . 1 * »i If 1«- .uul an arrangement as shown in 

fig. tf Ir.Mi ..tf she hytltugen rwhetl. The hjnlrogen gas is 
Ugluetl ultrr it h.s^- l«vii iilluwed In finw for a few minutes in ordei 
tn t lfar ihr .nr nni nf tin* .inparatiis. If there is arsenic in the 
water, it ci.rulniie-. u iih the Iniimgen and arsenuretted hydrogen is 

evolved. . 

if the dame of a “innt lamp W held tn the tube say at rt the 

inetalli*’ ar-*rnii i-. frer.l from the gas aiul deinrsits on the cool part 
at {>. I hiH tlrpi.'.U fn treatment with nitric acid, then with acetate 
of silver, give** a l»ri« k re«! ptecipitatc of arseniate of silver. 

The gan dame fmin thr .Marsh apparatus is livid if 
arHeiiic in the water. U a }«.rcelain dish be held against it the 
dame thu** burning with le'is oxygtm. a black mirror o me a 
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arsenic is left upon it. If arsenic is prcscrU when the h bubbled 
through a solution of a salt of silver or co[j|H^r. a black precipitate is 
produced. 

4. Test for OutiAXir Maitfr^. 

A water containing organic mattiT rnluces i’hluridc- tif gnlrl.and 
metallic gold is precipitated as a hroun [iiiwdc r 1 'm itiakt' iIuh test 
the water is boiled for a short iinir, with a lew flr<ip*i a nf 

chloride of gold. 1'he presence of nrgaidt uiattrr-. in drt«*i l«nl by a 
brown coloration. Organic tnatter may iiImi br dcUrcird uiiln prr^ 
manganate of polassiurn. \\1ttni a MdiiliMU «tl rlim tn adtb-d tu the 
water, drop by drop, if the pink lint poifiiard dmapijearn, uit|.»aHic 
matter is present. The decnlcnuittg arti«*ii lumvwt m vaoablr. ac» 
cording to the nature of the organic inallri-n t riiain *4ibni4n«r\ 
such as gum, urea and sugar, iu:l in a wty sn«osii|4rir mi.iisnn on 
the permanganate, mid on the t4hrr han«l cro.osi butben uhich 
are not organic sulislances, such as sulpluiirrUrd buli-e.en, intritcs, 
ferric salts, etc., also have a deculuitriiig rllri i iipMn ihr prrnian* 
ganate. The use of tins reagent ahair, noglii niis^. 

leading, and other tests must \k* made, 1 h.r uigami m.iiifr-i are 
often in a state of detannpo^iiiurt in tlir wab^i tlim pimrnce 
is then indicated by the (nlour of Mtlphiisriird !iydro|»r!i wliu fi it 
emits. This gas may also Ir put in rvidrinr In ihr blsd> i* -Itiur 
which forms when a lew drf»|H t*f 11 ^4iilui{«ifs ^4 mI h\i4 in 

caustic soda is added tei the water. 14m « n dtir^ n* ilir 
formation of a iirecijiitate of sulphide «if iratl 
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Mvt)Kt)TI\lKTUIi aii.ily<i-i allnwH the water to be tested rapidly, 
atitl show-* fir-t in mimlK-r or (lfj;rce, tliat is to say the place it 
oceujiies in the* vohmietrit' scak' of waters, .secondly its hardness, 
that is to s, 4 v the ptoiKtriimi of c-urlhy iiiatter.s which it contains. 

TIh’ so.iji it-Hi .ibai >:ives iiifortiialion as to the suitability of a 
water for inanuf.it tiufitt; use or for household [nirpo.ses, such as 
ecKikius; 

(‘larke'-i Mi.ip test is liased on the fact timt the hardne.ss of a 
water is [iroportion.d to the mineral salts which it contains, and the 
iluantity «tf these present may lie determined by the amount of 
soap solution whi* h imist !«• mldetl to tlie water before a lather can 
be protlueed. Itontron and Iknirlet, by developing this principle, 
have invented a rapid mrthisi of hytlrotimetric ana!y.sis. This 
methotl is hasei! on |}jr fniidamental fact of the production of a 
lather by soap in pine water, and on the obstacle which i.s put 
in the way of the produi tion of this lather by the transformation of 
the soap ii'trd into insohihle erimjKatnds. If a few drop.s of a solu- 
tion of soap in ,»!rohol are (toured into a flask containing distilled 
water and the flask is sttaken, a (lersistcnt lather is at once obtained. 
If the exfaTimrnt is irja-atetl with a watw containing salts of 
time or magnetiia. the lather is only protlueed when the action of 
these salts has iK-en iienlraiisetl. and for this a quantity of tincture 
of soajt tnusi !«• iisrtl in jtrofatrlion to the amount of the salts 
present. It will l>r srrn that this furnishes a method of analysis, 

*I*hls metlual allows the quantity of the salts of lime and mag- 
nesia ctmtained in the water to te ascertained, that is to say the 
total hardne<.s or the hydrotiitielric degree. The permanent hard- 
ness of a water tn.iy al*a» f»e ascertained by finding the hydroti- 
metric degree after ladling the water to be examined, finally, 
the tenqarrary hartfiiess of a water is the degree obtained by calcu- 
lating the diflereme of the numbers Indicating the total hardness 
and the jiermanifo! hardness of the water, 

C.|H) 
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In determining^ the pormiuient ii.inlness. .illrr h.ivitn; I'lecipi. 
tatecl the carbonate of calcium, and ilrivin;.; nil tin- (Mrlii.tiic acid 
gas by boiling, on cooling it must not In- Inrgniicii that the water 
must be brought to its first level by the .uiditinii nl distilled water 
before determining the hydro! iinetn\' miml.ei , 

t. SoI.dTK i.NS A.Mi .\l'lv\l! \II *• 

The following solutions are used in hydrotnimlii- -in dva-. ; - 

1. A sland.ard solution ol snaj'. 

2. A solution of chloride ol ealeiutn. 

3. A solution of o.'calate of amnioiiiuni 

The Standard Soap Solution. This i*. invjMird bi dis .ulving; 

* ** ititfSSStsip 

White MartiKillcH Mt>ap ... 

In gn'' alcolu)! , ..... . 

The .spirits of witic nre hciitoi! i** «iin-.ulvr ihr filirrtnl ta 

separate out any Hird^pj in.iticT, 

water are adtled to the liltrate, riu^ tjf 

liquor, with a volumetrie inunlrr very iuMr u* Iti.ii auard 4I It h 
preferable tt) use in the [dai’e t!ir „\!4r4‘8llr-i 4 inrdii iiml 

l)reparation knovv^n as amyy^daline '>*Mp llu-i nniiirihairly fur- 
nishes a lit|uor with the ile*«jml v^dimirisi* j„*. Phe 

numerous anti varialde intpuritie*-* Pauid m '\f 4 S‘H 4 llr% %iM|i fuive 
often led tf) iuaccuracitM in analvlii'al rr'- 4 ili\ \t. c “MyriMiuH- 
suggests that the analyst nliuuld 111,11111141 tuie br« b*» 4 p lr«<m 
the fallowing reeijn?; 

Hail in a flask 

Oliva ail ur oil «f MWTrt MlriiiHuU 

Cnui^tic Htida af jfi li . . s - 

Alcahol 

After a few minutes the i*. lonned .md r. .!r.-...U fd hy .idd. 
ing yoo cubic centimetres ol .tlcohol «.f f«> 

The flask is shaken up a few miinnrs, shr ...mrut . hhrr.-d, 4tid 
after cooling the solution is brought up es.,. siv s.. t bi«r wah f*» 
alcohol. If the work has lK*t*ii propt riy il.uae thr duioIk-i ..f ihi.. 
liquor should be exactly 23. 

Solution of Chloride of Calcium. -Tfus 
dissolving one-quarter gramme olA hlondr .d . ..1. mm m t iUfr of 
distilled water. It is priTeraf*!*' to prejMie ■...hi!) .sfi > out. tilling 
equivalent quantities of the cti!t»ride or riitrale ..f l,.iruim hlrf.irs 
arc thus avoided that may arista- through ihr r-^.i-.uvr drliqur« < no- 
of the chloride of ealeiutn. 

A solution IS made cotitaiiiitig either gr.iinsiie ..f nitrate ol 
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barilun, p:?r liiri% or ‘55 i^rrunme of chloride of barium^ 

per litre of ilisiilltHl water. 

Solution of OKalato of Ammonia.^^^A solution of oxalate of 
aninuaiia is prepartsl by ilisst^lviiiR i 
Rrauune of oKalate {>f atnuunita in 60 
t'ubie eeiitiruelre'. af distilled water, 

Hydrotlmotrlc Burottw* ‘Fhe litinor is 
lestc’d and \hr riiileiviit munbers uf ilu* 
water are fleit'innnc'd In the aid of an 
apparatus known a^ a volmneiric burette. 

Ibis Inirette ipadiiatcsl so that frrtrn the 
p«iinl marked in fip, 1^7 in the mark 
it t'oiitains Uvu and lorn it-nths cubic 
eeiUiinetres divitled inb» j equal parts. 

Ibe tlivisions ol the burette in tentlts 
c f a tenlimetie ate equal from tup to 
iHittom. 

rhe ihvisioti hriweeu the b»p mark 
and that immediately Indinv inditales the 
tjuatitity of staiidatd soap solution neces- 
sary to prodtire a jKn'sisUml lather with 40 
cubic t:enlintiires of flisUllrd water. 

Zero is marked h?dow the first ili vision, 
ami each ihvcaMU rep? es ••-11 is one hytlro™ 
timetric dripre. an ! the mmth.*r ai k marked against the twenty- 
third divisiofc coiiiiliiiR from the top mark, 

Teit Buttle* The different tests are made in a bottle with an 
emery siopper aisJ of 4 caparaty of from 6 d tci 80 
culnc erntsmrire'.., ipiURed by a circular mark at the 
at whi» li the coiitenis are 411 culaV centimetres, 

Virlflaatiofi «if thi^ Standard Sotp Solution. --To 
ensure e:^a«liirss ihr standard snap wilutinn should 
Ik? of siich a “4rrii|4ili ilial wdieii the burette is fdled 
to tile ctrciilai mark /na it ih necessary to |X>ur out 
the "dilution down to ilir mark 21 into 4a cubic 
cenlimsi'res of ilie clilonde of calcium solution to 
obtain a jK^rseariii lallier, lb triake this test 40 
ciibii: reiilitiirfres of one #if the soluiifais prepared as 
iilfitady de‘irrdM"(| wnlli chloride of bariuiiu nitrate of barium, or 
chlfirick of caiciiiac are pmred into the flask with the emery 
stopper lo ilie 4a cubic: cerniiiietre mark. Then the burette is 
filled uj;i to the lop nreuiar mark with the soap solution to be 
verified. 'The liifiior m liir biirctlc down to the division 22 Is then 



-Ilydrotimetric 

burette, 



poural into the flaHk. wliirii inrn ^-duthm, Mm n inrrr V'4 n 
Hiatent lather for nhmt fVvr mimitr. tlif- i. r^^ct and 

is said to Ik:^ nc*niial. If thr hi\ihd 511*1^4?^'.? 4 degree 

than 2a, water in at'fd*^! wild ihr ni-.lird .lry:rrr tifitaind. 
To dimini^i the f^lreitglh * 4 ' ih^ 1 r.pi. 1 *^ 1 aUhh ofir Iwnii^^.lhird 
of its weight in wafer mird Iw I hr <iuxn\%i% u! \v4irr to be 

added can Ik^ raii idatr*! m ilir If n i-i ihr 

divisiofiH read oh llir hiirrlfr !H« 4 aa 5 ii \hr l.ilfirr willi the 

soap solution to lie jirov<’«i, llir . rs .^dslanir^l 


from wherttr ; 


1*0 trorretl itir 

equal to .r ■"■ i,tt«ii.iilsn t r^dinn-M-^ hr^ 
l*he soup Miiillioil ihll’j 
scrifret! iibive. Wain mM - 

which in not Ilf irmal. it irrsi^r,. *'- 

aa the soap liquor 4 f, 4’ 

totoi il follfid llkll It tri|«ffir*; 4 n^n 

the real de||ree iiiay 4.. . ..:r 


^ A->hlr^l iiiieil 

t!:;r Ir-i! i%'% dt** 
h 4 v^ 4 p 

m-drM\ cif 
if 4 !rf Im l^f 

Ivi^ ■4 4 l|!|i|f|^ 


.r give^ Ihr real iitifiilrr . 

With the norma! 

the Ikjuerr are firiiiraliwd h%- t irt^rip-oiio 
40 grarnme?^ of cliltniilr »!' 
a gramme of Cai'!.. it turn W 


corrrs|Mifid^ l« ' 


II 4 '4 f hi”: 4 M 


Coiliequrillly mtk tfriprr i 4 r^--\d- 

ifted by 4^^ culik miiiiiiriir^ *4 x.hhdi^i^ ^4 
taming tinmqiiartrr uor frpir^>^ 

0*01 gr If ^ , ., , . 

' I I *4 1 li i-:* -;f -U'. . * ^ i > 4 ‘ ■■ ■■i; 

ti 

The byreltr k gratliiafnl so unh 4 ^44) 

40 cubic cetilimrlrr'% «f a 

2 Z of tK^ tujfiiftii! i 'I'i 

lather. Taking )!it*» iit:n*iin! llir jii<.,|i.<.t!:ii f <■*> i 3 
it will Ik* •**?rfi that e^iils .irgirr ,,r ii,r ., 

grstniiic of i)roi»!i*F»! -t***!* Ijif*" ^ I hr « ». j 

gramme. | The L*ra«lMati«,.ii of si ir iMiirflr ilr.r 


. ^ ^ 43 ri! !li 4 l J J i 4 

p qu 4 f'!*-f at 

% .>4 ihr Imtcllt 


itrulfii. 


: 1 'i < '-• I M ‘ I .1 ‘1 1 i J g 
i-til 

T «:riil# 4 ll^l 
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soai) solution allow, tlifrofore, in operating on 40 cubic centimetres of 
a solution containing any weight of chloride of calcium, the exact 
weight of the fulciutn and the (troportinn of soap that it has 
neutralised to 1 h- aseertained by the degree at which the persistent, 
lather is obtained. It is easy to understand that by a simple sum 
in projK.rlion the cot responding weight to a degree of the burette 
can be w<ii ked tuit (i>r alt the solution.s of mineral salts. 

‘I'he salts t.r eateiinn. magnesium and barium are in.soluble in- 
the preseiiee o( the fatty ai ids of the soap and their quantification 
can Ik- (al<tilat<sl esaetly in the same manner as for chloride- 
ttf ealeunn. This allow the different mineral .salts contained in- 
water to be exai lly «|iiantil‘«e(l. 

Ol'Mt.YIlOKs, 

Determltiiitlon of the Total Hydrotlmetrio Degree, or Total Hard- 
neee of the Water, bet. -le th.- aetnul test a preliminary trial should 
he m.tde. I-or the. to .s eiibie eentiuietres of the water to be 
tested air put iiili. .1 be.iker anil alrout j cubic centimetre of the 

Aitn Ihtviiq^ '.hakrii llir insKturr ft»r i\ few Heconds, its appear- 
atur i-* ttiilvd If flit'ir atv rIot^4 In the water, and it takes simply 
an cipiitinr Isiii, tl m f“%«:r!lrnl ennditHHi fnr testing, and this may 
be at uiirr prurrriird uiih, If, mi the utlier hand, dots form in the 
water il “4ir*u ^ ihal tt is heavily c'har|»ed with the salts of 
ealriiiiti artil nia|.:sir^4nitii, and in llin^ can’ it ts necessary in order to 
«»btiiiii ihhhI m the tr^4 t«» dilute the water so ns to diminish 

the of of the idkaliiie earths and to give the water 

a nninbrr’ sisiruta- to lndr««tiim*tric degrees. 

rlf»nr In addmf* to ihr W‘a 4 ler a volume of distilled water 
cquiil fo fuir, iMOMt ihfrr iitnrs that of the water to be tested, ia 
order to rrat It a hnvrr nunilrr than 30 degrees. Of course the 
dfliilion inu »4 hr lakni stilu .irc:cnifit,ariid the result obtained as hydro- 
tirnririr iiinid«n tnio4 hr niiilljj.i!ied mtt\ two or three times according 
te» the voUniir ut flr4illrd w.iirr addrti to the water to be analysed. 

It 01104 Iw* nni-rri.iiiird that the dsHiilltJtl water employed is- 
(M4lri:ily jiiur, and flir of clivisjons of the normal soap 

Holulion wlyiJt h.ivr t.»r jMnirrii out to obtain the persistent lather 
rnuHi tif* fioird If III rilii.iifiiiig this result with distilled water it is- 
mxvHMify 1*1 <41! morr ihaii I"’, this must be taken into account. 

In thr w'*iy itir Mmp Mdiifion nui^t be verified with one of 
the iiorrnal til 10111% of rhloride of terium, nitrate of barium, or 
chkiridr of iitider certain influences the volumetric number 

Ilf ifiH liqtifir may v,; 4 r 3 ,% therefore falsify the result 
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Ascertaining the Total Hydrotimotric DtigraiK l‘\iriy cubic 
'Centimetres of the water U> be triet! an* |H}| iiiiu the i:au|,^c*tl flank. 

After having filled theh>alrutinirti ie Ininilru iih ihr nuap Milutic^ 
pre[mretl asinclicatetl,it i.salbiwe*! tu lun In mio rbr water, 
the flask being shaken energtdtt-all\* the while*. A m ai a% a iHn'^istent 
Jatharufhalf a centimetre fir in hrighl am! ha abnut 

five minutes the ()|)eratien is*4ii|>pnl ainl Ihr ^4 «lf*g{c»rs t»f the 

soap solution used isnnttHl, lunnber ««! slrinrr-. ia ih«' vuhnnetric 
number of the water examined, rxjirr'.^aiii: ihr 'aai - i*! n*. funity and 
the number of decigramme*-* of *aa|« iiruualiM*d jiri hiir mI the, uater. 

If, forinstance, tluMUUidH*r of degnv% mS ihr ’-idniisui jHmrctl 

-out is 2$, this proves that the watm lr'4r«! iu nf the 

hydrntimetric scale, distilled water Iim« #4 l!i«* *^cale, 

Morcfiver it shows that a litre of ihi** %V4ln nriiliabN*-. e 4 granimeH 
•afsaa]n Thus an immcfliate idea r4' Ihr s*|iiahfv iIh^ ^valrr tested 
-can be obtain eti by comparing n** v«*!uiiirin« drgsrr wnu lhai of 
the vv^aters in the following table. 

The numbers indicated as rorre»^|Nmdsiig Im ihr^- lusic-r'-* were 
determined by Houtron and Iloiidci Tb^ In dir.iiiiiritsr drgTO 
and the consumption of soaf* are giim in Ldi^ 
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IIVKKUTIMKTKIC ANALYSIS, 

Quantificatkm of tho Carbonic Acid, Salts of Lime, and Salts nf 
Magnesia in Water. Tn tlic carbonic add the salts of 

linu* un.l llu- sails mayo.-sia <-ontaiiic<l in a water, four operations. 

jniisl lit' tairifu cnit, 

I. -r.do- tlu- tut,, I Ity.In.tiinetinc degree of the water in its 

nattind sUiv. 

T.ihe the .ley,,.,. o| this water after having precipitated the- 
lime vvlii, h it flint, litis witli uxalate of ainrnimia. 

i aUe the tleyree alter iiaving lioiletl it in order to drive off 
the larlKiiii. arid .md separ.ite out the carbonate of lime. 

hui.illjL lake tile degtve ,,l the water after boiling it and 
preeipiiating will, nval.itr of ammonia tlu* salts of lime which have- 
ntit tH*rn '^ 4 'initaii'tl hui by bnilinn, 

diifruiU linrrHHitatt* : — - 

I, A iif fi\, date cjf Thin in prepared by 

iuldin|.j I ip'^utuur .4 uxabitr cif ariuminiu tn 6o 
l^riunnu'^ «»!' u.arr. jS' 

*!. A ilrd. tn.irkr^fi niund Ihr nrrk at 

a |>oiitt Hitiili uill iii.hi.ile the volume of tllC .A | B 
Ccaitniit'--* a** l«^s i « ruliliirt 

Method of OfHtration, i I his o{K‘iation lias [ 

I lift'd alt rady. V J 

\\ hrii ihr* bydf olitiirlru’ flr|.p'nr af the 
water m ti-. o.itm.d -.f.ite .I'.nTtained. a fresli Ka«Ke 

lot of llir ttalrs 1% l.dfecai and rillitc: eciltl- 
metr«.”i «»l If .or pul iiiiii 4 ti€%ikrr. and j cubit' centimetres of 
thr ^..o|y|s«.,u » 4 ' **^\4Liir «,f ainiiioiiitim are added. After having 
stirred up llir bqimf urll 4 idaHH rod it in left to settle for 

halt an liMUt. and ihr nalp., hmr arc prrci}iitatecl in the form of 

o^calafr «d bffir 4 in! fall !»» ilir tMaioin The litjuid is filtered and 
lh«* wuirr iIiul iirrd from all I lie .na I H of lime. Forty cubic centi* 
mclrr-t t 4 If 4fr takr'ii and ilir vfilumrtnV degree determined. 

j, Kr%t liir ibrd-, m fillrd wilh water Up to the circular mark,, 
and !if»i!rd l*»r alwnii Inill an hour lo H*panite out the carbonate of 
limr. I'hr tioihiig inu--'4 «.arrli!li)* fiuinage<] in order to avoid any 
lii^^ of ihr Iu|iiid ttliirli waiild faFify the renultfi of the analysis... 
Idle \V4lrr n-* alhnwrd to mw4 roiriplelely and the flask is filled to 
thr rdfiailar iiuirk wiifi di^liHed wilier to replace that which 

ba.^ eva}ior.iirri A «ork i*** Ihc^it piit in the flask and it is shaken 
lip writ aiifl fuuilly filirrrd fo get rid of thr precipitated substances. 
The Viikiinriric drgrrr of ilii’i water, boiled and filtered, is ascer- 
tained liy l.ikiiig 40 cubic ceiiiiroeire?i of it and using the soap^ 
milylion m 4!rr4d)‘ liirrctrd. 
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INM 'hTIU ^ 'I ^ I 1 . 


Aaoirtalnlng thit Total HfdmlhtwUk: Bmtmu l\my cubic 

centimetres rjf the w.iirr tn^ iiirj 41^' tyth^ ihv -jui-r.! 

After having fil!e«lthrlivae4nurui. ihr n.-M|i ^ilutian 

prepiirinl as itulieatoUl 4lh'*’H rd !-^ain 

theiliisk Inung shaken run I'ri.t .el-i !hr .r .4 |«:*r<.Ntertt 

latlu^rtifhalfarmtimnirMi hn-h! .u^i I..r.t^ioralMj«t 

livtMniniiles the i»jKnal!««ti ’■^r.i^c^rsufthe 

snap stilutitiii ynni i^ohIoI, I hr. ^uiriih;'r? -iv, :«<'•< •. r-- \hr i*^.4iiiitelric 
iturnlKS'tif the wain rsaiiniiran- • '*■ ^h: |anily aiitl 

the nurnkn’ of fln'iipaiiiiiir** n»'iiit4'.r.r.^ |m4 Uitr ,4 iii^^ water, 

If, flir instarwei the iiyiiitiri *a-ar.-rrr'; -,4 Mrr* |piiircd 

•out is this pr««vrs ilia! tlir u..an ‘fr-if.a . -4 . , 1'^ !.S ofitic 

hytlrotiinelrie sralnde4ilir4 %'4irj . ..u <4 ihr ^arale, 

Mt^reover it shtnv^* lli.il a hlir ^4 flir; nrx'4 i ■■» j 4 rraiiiriscii 

'Of soap. Thus an iiriionlia!^' oira - i ih^- 'e-h 

■can te ohtainrtt tiy « . = 

the waters in Ihr ftilha%iiH: !ahlr 

The nunifm lll«lH 4lr4 a’J ^ 

determine«l by lloiiio^p auA Ih^hu^i Ihr 
anti the consmtijiinai of r»^ap 444 - rn rr* 


^ a ihv -.% 4 lrf ir^ii^cl 
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Quantification of tho Carbonic Acid, Salts of Lime, and Salts of 
MaKneala In Watwr. Vu .maiilify the carbonic acid, the salts of 
lime and tin- -.alt-; ma^;iifsi.i contained in a water, four operations, 
must Ik* carrird c»ut, 

1. ‘Wikc iUv inial hyditiiinK'tric dei^ret? of the water in its 
natural Htat«’, 

1 akr tlu- do|:irr oi this water after havin^f precipitated the 
lime whit h it mutains with nxalate c»f lunrnonia. 

lakr thr driprr alter having bnikKl it in order to drive off 
thcM arlMauv avid and ^a*|iarattMfUt the carbonate of lime. 

4. Mnally, lake drgrrr nf the water after boiling it and 
preeipiiating with «*\alale m| anurinnia the salts ()f lime which have 
n«it been nrparaird i*ul h)-^ iKiiling, 

I'henr difjrr*'Ut uprtati«aiH net'esHitate : — 

I. A Huhition mI uxalait* of ammonia. Thin is prepared by 
adding 1 |»raiiimr «»! uxalatc* nf ammonia tci bo 
gramitirH «»! di-astlrd nairr, 

A lla’4^ marked nnunl the nrek at 

a |K»na whn h wsll indaate itu* volume rjf the 
4’* Un -^ » nbir « rniilllrlrc**'*. 
fWnthnd rif Opitratlam i dlun n|.RTatHin has 
de'*« rd^'f! alirady. 

Wlirii the In'dHaiiiififJr- degree of the 
water m liaim.d '4.ilr i% a*.# i*riainrfk a fresh 
lul nl lh«* wafri e. i.ikrn and rnhir erntb 
metrr^j *»| ji .ue |aii miu a Iw-akrr. and 2 cubic centimetres of 
the «a «^\alatr «»! aniiiitiriium are addiKh After having 

*4irrrd wp ihr hqind ^%rll «iih a rtnl it in left to settle for 

half an luan, and ihf- limr are precipitated in the form of 

tixalair i 4 bine Atul fall Im ihr huiiuifr The liquid is filtered and 
the water ihai's ifrrd inufii all the i4aiis r»f lime. Forty cubic centi- 
metre'-^ til il asr fakrii and ilir vuliimrlfic degree determined* 

:i X«*\i ihr iLi'd^ lilird with water up to the circular mark^, 
and liNEiilril lot aImhii half an hour to ^.^fiarate out the carfjonate of 
lifiir dlif* Iwiilifig iinr4 Iw.- narrfylly riianagetl in orrlcr to avoid any 
lim fif Ihr liqind w!n«di w^ailci falsify the results of the analysis*. 
Idle WMirr allowrd l*.s t-uid Ci .ni}tk;tdy iinci the flask is filled to 
the t irctilar H».*rk with ilj'.tillecl water to replace that which 

has cv.ijw.riiird A Mirk i'. then put in the flask and it is shaken 
up well ami I'lii.dly littered ta f-et rul of the precipitatal substances, 
rhe voluim tnc fie|;iTr nl iftin water, boiled and filtered, is ascer- 
tained l»y taking* ,p» ruhic cctUimctrcH of it and using the soap- 
solutkin «i*» alrratily tlirctUrsi. 



Flu. Flask gauge' 
fttr hydrofiuitric analysis. 
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Finally the salts of lime which have nut Imtii precijtitatLHl in 
the state of carbonate of lime are separate.l out. lu tmler to do 
this 50 cubic centimetres of the boiled water are taken after making 
■good the loss due to evaporation with iti-ililled water. Tluse 50 
■cubic centimetres of tire water are |uit into a le-^t tufie or beaker. 
Two cubic centimetres of oxalate of ainmonium are ad.leil ami the 
liquid is stirred up well with a gki'.- loil. 

Finally the li(]Uor thus prepared is allowed t.> >»riiie for half an 
hour or so, fdtered, and 40 cubic centinniie-. are pm into the flask 
and tlie hydrotimetric degree is ascertained. 

3, CA!,t'UI.Art'i\s WI* loi!;S!! 1 I 

Calculation of the Results Obtainisd, I .*• the in^t kinr letters 
■of the Cireck alphabet, a, li, 7. k to agitdv tin- voUuiieiih nutiilKMs 
corresponding to the figures fouml in opciatiii;; ..a : 

(ft) The water directly. 

{/>) The water treated with ox.d.ae of .umiuana 

(c) The water boiled. 

(d) The water boiled, tre.ited uilli ox.d.itr <4 .uuinoni.i 

A correction must be made in the readl . obiauu-d with boiled 
water. Tlie carbonate o[ lime i-> ’-lightiy *< ilnblc and i-* not • Miiipirtcly 
precipitated. Boutron and lloutU t estimate that 04 I'r.umm' oftlu' 
calcium carbonate remain in .solution when 1 iitreof ibrMi .ttri 1 dmiied. 

To correct the results, therefore*, 4 vohtuieliii drgirc. imi -4 Ik* 
deducted from the numlKT ohtanied with the liodrd -.o that 

taking 7 as the numln'r found the rorreclu.ii e. m.idr by c.iUulating 
the formula 7 - 3, 

Therefore ; • 

a repre.sents the .sum of the reactions on the lo.tp 5 aa >ed !>y the 
•carbonic acid, the carbonate of calcium, the lalts .4 bine and the 
salts of magnesia In the water itnalyscd ; 

(1) a “ COj + CaC'O^ 1 any •mU'* of caicuini 

4 any salts of magiir-tUMu. 

/9 represents the .salts of magnesium and the c.irl«>im acid w hich 
remain in the water after the lime is sr^wrated out with oxalate of 
ammonium. 

( 2 ) a » ^ » the salts of lime 

7, making allowance for the correction e 4. reiMrseiit** the salt* 
■of magnesium and the salts of calcium other than the trarUmate. 

(3) a - (7 - 3 ) - CaCO, # CO,. 

•or : — 


a - 7 + 3 « CaCO, + CO.,, 
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h n-im‘Sfnl-4 llu' salts ..f maRnutsiutn contained in the water, as 
hy hoiliin; ll»<' <'.it lioiiic .i< iti has hwn eliminated and the carbonate 
<if eaU tiiin talmusi ). .md the usalate of aminonimn has .separated out 

the ^ii\U of t alriuni. 

« 4 i ^ fif 

T\n\ i wr havr fnur in|ualiuas by which the value of the unknown 
of fiir u4iot * 4U fir t alinhitccl. The carbonic acid is cal- 
culatcfl by «irdii« \Uv v »litinrtric ilr|,;recs of the salts of mag- 
luriiiuii aiul rah iMUl ^ rii4HHr4 ill tlir vvMler from the volumetric 
tlrijrrr nf ihr u 4iri iii ii-. lialiiral that is to say the difference 
IkHwcvo thr rquaiiMO i 40*1 ilu' rijuationn (2) and (4). 

1* If ♦ »nis. nI 

: V h«* ^ f'n., 


A"* ivr koMu.ti’O llir « 4 sr hand, ihr vulninetric degrees correspond- 
ing to ihr f 4 sb*»ntft 4* id. 4 od mo the uther the degrees correspond- 
ing to Itir '4»ii *»l tlu’ 4 r!io?i ined by the carbonic ucid and the 
i-arliHiiatr »»!' » 4 i^ Him In- .r^-ri'f.iinmg the difference between these 
ilegrrrx wr ‘di.iH Ii4vr thr dr^orr i orrcsponiling to the carbonate 
of raliiiiiii. tli 4 l -^av' llir diHrrrmr briwccii the equations (3) 

and i%i 

Tlnv. 

b y ^ ,1 ii Ca(‘()„ 

or :: 

II -y $ I H I- ^ 

Km Hvmg iiM^v ilm v^dmtiriri*- drgr«*^ correspmding, cm the one 
hiind, i«» i*#!4liiv *4 ih?" «if cakriiing and on the other hand 

to ihr 1-41 b* 414 ! r ^*! ^ 4U411111, wr r 4 ii iMhiilale the degrees correHp( 3 nd- 
iiig lo ilir '4ii|il3.4!r i .ili Him 4iid to ific of calcium other than 
the tuifiMifiair In fiikmg itir dillrrmcr ol these degrceSj that ts to 

by ^Irdticlwg llir rqiiall^ei ibi ftoin ihe ajUatioil (2). 

Thm 

( Ji fi :fl it ^ y J t- 0 - S«CaSO^, 

•or %albi oihrf llniii llir # « 


CaSCJ, 


m tilher itiaii ihr carli^tibile. 



320 


INDUSTRtAI, USR!' ol’ WATI U. 


Carbonic acid ’ 

Carbonate of lime “ > t « * 8 

Sulphate of lime, or aalta other ihim the e.i.l r.n.ttr > B 

SaliB of magneBia ^ 

By the aid of tlic table below il i't ete^y. b.\ tr iit}; ihctt forimibf, 
to transform the degrees ftaitid into weight in the .;e.e t.| the sails, 
and into volume in the case of the earlKuiie iteiil. 

To do this it is merely iieeessary to imiltiirly the- tU giee lountl 
for each substance by the weight ttr volmm* «•) the stilistanee in 
the following table. 


Tatde of luiumthtts in Wm/it of i Ihitu tomitu 


Lift,' of irit/oo 

n »«' 4 m . 

Lime 


Chloride of calcium . . . - ^ 

V*|l| 

CarboiuUe of calcium , , . ^ 


Sulphate of calcium 


Magnesia 


Chloride of magncMiu 


Carbonate of inagnmia ... 

» is ii-H ?i 

Sulphate of magncHia ... 

.*1 

Chloride tif Bodium . 

Ml .JM 

Sulphate of nodtum ... 

Ml 

Sulphuric acid 


Chkirine . , * < 

■» ^ 

Soap (50 per cent, HoluitttiU . 

K % 1 § ^ 

Carbonic acid ... 

% i‘} a % 

If the fi|(ureH fnuiul in thi*4 UiUlv mv unnl wsfli tlif' r*iin|.j 

formula;^ and, for instanrr, the w*ilrr iont.iiiri hinr m llir Unm 

carbonate and of Hul[di*ile aiul magurHs.i 4^44 

ihr f« 4 iiinlr 

become 

1 sHi! 

Carbonic acid 

Si ! « 

Carbonate of lime ...... - 1# n 4 ^- 

t * S 

lii :M ... 

Sulphate of lime . . , , . 

lil 

Sulphate of magnesia 

-1 • 


Because of the small |)rt»|K»rlio« of irrr » .i« i«l m ‘oft 

waters and of the small differetue m the |in.j*oitr.<}».il miinbn . of 
the different .salts in the water, niijdtate'r t»f luiir «.f ini.ig!irtia, 
and carbonate of lime it results that the hydioiiinrtrn degree nf ,» 
water represents very nearly the weight sii eentigi.niimrs the 
mineral salts contained in f litre of the water. If for msiaiite .< h 
found to be the hydrotimetric degree of a tester! »val« r we r an say 
at once that the weight of the mineral salts that it eontains j»er 
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litre N very lu-aily the muc hiiiulirdth jmrt of the number a, that is 

to H.iy I 

Hydrothnutrlc AnnlysiH with any Graduated Burette and any 
Strength of Soap Solution, 'riu- |)rc>cc.s!-cs of volumetric analysis 
whii h have .ilnMily hc-fii <lc*.t nhed dfi not necc.s.sitate the employ- 
tneiit of the h\ dioliinflro Inurlto. 







Very .ortr. 5 .».»y V in volumetric analpis by. 

using all ofdmarv gsadualcd in tenth* of a cubic centimetre 

such a* IH hHiiid u, .,11 .lirmual ial«irat..r.es.thebumtteofMohr 

or that oHiav J 5..i m'.tancc Moreover the soap liquor need 
mi te the aiitl any rtrcngtb of soap solution may 
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If the number of cubic centimetres of the soiip solution neces- 
sary to obtain a persistent lather in distilled water be exfjressed by 
e, and the number of cubic centimetres nt*cessar\* to |)rodtK*c the 
persistent lather in the water to be analv*sc*d lu* expresstsi tjy 



Fio, i3U*««Balb on Inwtr 
part of buretti to tli 
on ih« indkfubbcf 
conniption. 



Fit*. « |4-.' bpfgilli', 

by expressing by x the corrrapoiitlln^ dergree f«uiKl by the aid of 
any burette, we obtain the following formula :™ 

from whence 

115 **f ** O 
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I. ft UH stipitH'-t' that insU'Hci of usinff a non-standard soap solu- 
tiftii 'Vt* oinpli'y a nurinal snUition, that is to say a liquor of such 
a stri-nittU that the mnithfr r j.'.'. Tlu* above formula is then 

siinplified. 

Hy fx|»rf.‘hii|: by d the nninbcT of cubic centimetres of normal 
sohilioii iii-i V l>> ttbtaiii a persistent lather in the tested 
water, and by • the inimlier >•( hydrntiiuctric dctfrees corresponding 
to the "I « nhu eentiinetres tif the normal soap solution 

pmirwi "tit, we (ibt.iiu the li.rimila : 

I — ' d • I ; 

.‘4 


frtuii w hem e 


I - tyijS ? ! d' I. 


CIIAI’TKK XXVn 

QUANTIPICATION OF SUliKTANHKS IN SOI f l loN* IN %VA I FK. 

I. (Jasfs. 

Quantification of Oases Dissolved in Water, Thi^i in doiu* by 
boiling the water and so eliminating the i',.!-*. I'he « .ulH.nie arid 
gas is absorbed by potash. A lest ll.ciK !•* tomplelidy Idled, atul 
then stoppered with a cork tiiroiigli whit li jiaen -, .t iM-nt };!,(■«•» tithe 
leading into a mercury trough. Over tlie Is-ot eml id the in 
the mercury i.s put a gratiuated te'.i tidw. Aliei li.ivuig tdlc‘i! this 
graduated tube with men ury, tlie watci in the ll.i ,k e, iironght to 
the boil. 

During this operation a small tpamtitv oi n.iin j,,j . -e - inio the 
graduated tube, but this is of no l on inpiem e I !»r tul«" ip.idually 
fills with gas, and at the eml of tmi miiinte . or m w hen ti is noted 
that the flow of gas is sto|»{rd, tlie flask is taken ,.!i the ga, and 
allowed to cool to the exteiior tem|»eralme. 1 lie uater in tlie 
graduated tube then returns to the ikisk, {he water must Isi 
boiled up a second time and even a third, m older to !»e mt.iin 
that all the gas contained in the water has l« en diivrn mio the 
graduated tube. 

The ga.s is then dried hy passing it over a hiUr » ok,- mij legnated 
with sulphuric acid, then the volume V e> re.i.{, wJmh lepiesents 
the total volume of the giv«*s coiuaiiied m the water ,,.sygeii, 
carbonic-acid gius anti nitrogen. 

A .solution of potash is then run into the gradu.itrd test tills? 
with a pi|)ette, ending in a Irerit tnlK*. ami the .arli..im ari«l is 
absorbed : — 

CO., + 2KOH - Kd'< », I H t l 

The volume of gases, V, reatl on the gradmiird tiilw, represents 
oxygen and nitrogen. 

The oxygen i.s then abstjrlictl hy fryn^alli, atid. ami the reading 
of the volume of gas, V", represents the nitrogen «,.nt.tim'*l in the 
water. 

( 3*41 
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Tlw ainumit of n.NVj;..,, is .mxTt.urK!,! by making the deduction 

V ■ Ihr vulttinr ..( .r.,srs . uiilaitH'd in the water. 

' ’ thr viiluifir nl 

\* V thr vuhtinr uf 

vuhmirs ..!,.,nl.l I,.- . ..rnn-tcnl to o' C'., and to 760 pressure. 
Thf vuhimr u( ih.- llt;k .tinl nf ihf tube, leading into the 
mereuiy iroin-tn iiir.,Miir.! by i-tlliiig them with water and by 

wrighiis«.» ut .1 iajrri 

Quantificatlun of Oxygon by Mohr’8 Prooess— Thi.s process 
ilt-pfinb. iijHtM ilif .ibsMipit.Mi nf oxygen by a .solution of the 
doulde ••nlphaU- oj ii..n .oid ainnionM kmiwn as Mohr's .salt:— 

Nli, 






I m Alum at 

IlVsi ’H 4lll ^ 4fr |4'f"|»4ir4 : 

L A i nn\4imn\i i fj.. :'imilrculiir vvdght) of the 

tluylilr ^ 4 il|,»li 4 ir mI jM*r lilrc.'* tjf distilled water. 

i. A •Ilf tif potussium corre- 

hv v^Aimw ihr sotulbri of the double 

-?iiii|-iii 4 ir «»f ifiifi 4 iid Tlii^ contains 3*2 ijr. of 

fierin4ri|,^4ii4!r ^4 i^uiavutim 4-atfr%|M>iiding to the theoretical formula 
KMiiClg A itrd. ■ifoi-^p-rrd miih a cattiilchouc stopper pierced 
wiifi ii%'is ^ |■'3 ii-'-j-rd I'lif:! liii-di oiie «f the holes b led a tube to 
mififiiy ai ttrrrtii *4 .. 4fbuiiit-4iid in order to have no contact 
With the air. 

NeMt ii.mi « yfiir rrfiiifiirf ir% Kif the watcf to be analysed and 
iocybic: tTnim%rUr% tlir ‘iiaiidard %«!ytkifi of the double sulphate 
of iriiri aiid .itimioiisiiin .i,irr |tiii $ 11 , atni a liitle caustic potash solution 
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is adiJed to make sure that the stihitiou in alkalitu'. 'riie flask is 
well shaken in order to mix the lieiiiors well. A preeipitatc of 
ferrous oxide falls down, and is transftained into ferrii- oxide bj' 
the oxygen contained in the water. It is .dloweil to settle for ten 
minutes or .so 

2l‘V() + 0 ■ I’V.O,, 

The precipitate of oxide of iron forineil i*. (hen dissulved in 
sulphuric acid. The iron which has not been |irii*xitlt-.eil i>, tlu-ii 
quantified with the titrated solution of iK-rin.ingan.t(e of potasli, 

A graduated burette is filltni with this [H'lin.nie.tn.ite solution 
and it is poured into the litptid until it takes .t pnik tint At this 
point the number of ciihie centinielre'. |H*iirei! out i * noi(>i|. If >1 
is this number, it represents the t|uantity ol i*eiinani;.i!i.ite of |>ot.is> 
sium necessary to oxidise the iron wlm h h.is not Itcj-Bi ox(«it',rtl hy 
the oxygeti in the water. 

Now the solutions of permaitgati.ite o( pota-dt .mil ol the ilouhle 
sulphate of iron and ammonium have l«-rn tiit.iteil •«« th.tt they 
neutralise each other, volume hy volume, ih.u is to ..ly ih.it a 
volume of the one corresponds to the s.uiir vohniie of tlie other, 
and con.sequently I eiihie eeiilimetre of j»erm.mgan.»ie of pot.tssiuin 
oxidises i cubic centimetre of this solution of the ilonbte sulithaU; 
of iron and ammonium. 1*0 Iwgiti with, m »ubi« «e{»iimetre* of 
.sulphate were put into the flask, and to oxidi a* thi * 1 omplriely u> 
cubic centimetres of fxirmangatiate of jHitash weir le.pHied, hut 
a.s we have used only » cubic eentimeirrs to t»btam the oxi«h‘i,itutn 
of the double .sulphate, it is cvitlnit that the tUifrirmr to //has 
been peroxidi.sed by the oxygen in the water I hi i oxidation must 
now be calculated in oxygen gas. 

The .solution of permanganate of tnita otmn h.e* l»e«-n prepared, 
so that I cubic centimetre of it is e«|tiiv.dr!it to gr of 

oxygen. If we represent hy .t the weight of .txygrn sought, mn 
tained in the too cubic centimetres of water, w In-mg the mimlrr 
of cubic centimetres of double sulphate of iron ami ammonium put 
into the flask, we have the formula ; 

X «• (to - //, oorxrH, 

We can calculate the oxygen coiUaiiml in the w.«irr m volume 
if we call V the volume of the oxygm contained m |4«* rubk 
centimetres of the water to te analysed, and if ur iluir t}|*|t I 
cubic centimetre of oxygen gas at o C,, .md ;r« i j.rr vairr. weighs 
0’00i43, by the formula 

f. (10 -«;tn'|CIO.S 

V »s ■- .... 

0'00t4i 



— — ^ 


yUANTU IC AIMN ni >nssTANCKs IN SOLUTION IN 
and [KT litr<' 


WATER. 32; 


_ >o wjO -0008 
< O KI 1 43 

L Ai Ills, 

Quantlficuitlon nf t\m Frwi Carbonic Add and Half-combined Car- 
bonic Add (rud U\ a Statu of Slmpl© Carbonate).»^^ 4 'ettenkofer’s 
rnrtluHl i!r|w»fif!n lumtini: with tixdic acid an excess of a 

detcrMHia^d *|o.inuiv b.iiuuii m ratrinm introduced into the water 
to Itr aiialv-^rd in f«. jarTSjiit^ifi:- it^ frte carbonic acid. 

U'lih 4 i:Kidn. 4 ird iisp’iir icu caitiir mitimetres of the water 
til tr aiuih’^ra |ait ini-M a j cnhic centimetres of a con- 
crfilraird r»i 1 lilMUiir i 4 rakiimi or tif barium arc added, 

aiui ,i Cuba 1. rulsuuirm 4 '.aliiraled Holution of hydrochlorate of 
aifHn^*§oa , 40 «l iisusih' 4^ ruliir rrntiinetres cif a solution of lime 
in’ fcovLu uiakiui: m 4II 1 ^1,1 i.uliii: centimetres. The flask is 
thru leaked, 'duilo-o uril aiul alhavrd to nettle for twelve hours. 
Thr frr^r «*t li.ilf rMtnbiiiril rarl^^iiic at’id is |jra:ipitatcd by the lime 
in ihr « .stb-n.ilf *4 r4hnini - - 


I Uf V # i'c I... 


t '+ 11/). 


Tlu’' ^ 4 r!»«ai 4 !<" ^*1 drpo^jH at the bittom of the flask, 

iutiic iToiiiiiriir--. « 4 ' ihr t:]vdf «ai|K:rtua*int liquor containing the 
sil hine ,itr *|i 4 ivii «ifT |*rtsilv with a gmdulitetl pipette, and 
rMrr-^^s siuafiltbrd %inii 4 ^sihition c.if OXlllic acid. 

Thr «i\ 4 hr' 4*1*1 Tioiild cotiliiin 2“8636 gr, of oxalic 

iicki |»rr liitr m! i%4lrr, 4iid I ciibk centimetre of it should 

1 iiulheuiiitiir « 4 ’ rarlwnk ^dd. An for the solution 
rif hitir Of Inifyta rtripb*>-rtl .'m ifiH limed it is titrated to 
lieiini %uili %% ith 44 * uliir of the oxalic acid solution by 

way of If lab 

I'l'i iiirafr tiir r\i r-'r-s rT htiir ill ihr fliisk a rapid trial on the 5^ 
ciitik rriiiiiiKiir-"* j 4 liqiinl labrfi oiii With the pijicttc IS fifst made, 
d i-uriTir ifial siiatic With ii ^^scoud JO cubic ccnti- 

r xlfi-H !r4 sn ilir way. 

If #1' Ihr taiiiiiljrf '*if 1 tibir crtilimeli^^ of oxidic acid found 
ill ciiliir i rif' file lie jiiof* the number of cubic 

ceiilitiirif'r’i r?! I lie I §o ciibic ^ntlfnctTCs of liquid 

citiiiairird in ilir lU-il will !«- . 

If « itir f 3 Ci'r%%ify lo die 4S centi- 

tn^irr^ *if litiir w.iirr m ilir jircliiiiifiaf)- tfd-h the difference # - 3^ 
frf cixmIic 44.1-4 •«. of In file lime |irecipilaled by the carbonic 

icifi. Fkitli c'liiiic ^;rnunwim nf rixilic acid correiponds to 1 mlUi- 
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gramme of carbonic acid, and if vve mprrst’nl by i the weight of 
carbonic acid in the too cubic centinuHres of watt*r, wc* shall get 
the formula 

r ^ u 3 //, 

and per litre : — 

.1 (7^ 3;/ ‘ UK 

Quantifloation of the Nitritee. ‘riu* tiuaniihratiun u! the nitrites 
may be done either with inetajjhenylene diaminr tu with I rums- 
dorffs reagent The reactions oblaiitcsl with nitruus atitl have 
already been indicated iti the part of this work treaiiug «*l tjualita* 
tive analysis. 

According to the inteiisity the tint** «4»t4ined, itidging tiy 
comparison with known stantlank, the priiporliMn of thr niirites 
contained in the water is delerinint^il. A -^oluiion ««f .m alkaline 
nitrite is prepared in such a way that l « nbu rcnitniuiir 1 Mrrrs. 
ponds exactly to the tuiedunidretlih p*nt i»i a niilhgi amine of 
nitrous anhydride which i^* the standard Hohitmn, Tins 

standard solution is obtained l)y taking n ,|or» yr, m| piireri v%laT 
Used nitrite of silver, dissolving it in di-4illed wain, and adding 
a solution of chloride of sodium in 1 hr Hilvn 1 * prr* 

cipitatecl as the chloride. It is alluwnt tn d«'|»*r4i and mtriir of 
sodium is obtained by double deroinposition 

AgNC)., -f XaC. Agt 1 i XaXty 

The clear liquitl is decanted and |hii into a flask graditaird 
with I litre mark. Tlie (nwiphatr of’ rhlondr m| ' f% «.r4ied 

on a filter and the filtrate is added to the runlmk. uf itir flask. 
The solution in brought up In i litre wiih disiiUrd water, and in 
this way a Htarulard solution «if uilnie of r. . 4 aainrd of 

which I cubic centimetre mrrvninnuU r^aaly to ip A 

more dilute titrated solution may lie ii'ird i»v laknii: 1*^.1 nihi* 
centimetres of the solution thus obi»mrd liringmg ii up lu 1 
litre with distilled water in another graibialnj ila-ak Tins will ihfTu 
contain o*oOMi gr. of nitrous acid X.3 I, j^r birr. 

A standard solution may also I.k" preicirrd by ' 4 iii|ily faking 
nitrite of potassium and titrating the ^ohiiifui %vi!li p-nnangaiiair 
of potassium which transforms the riitroiH o%pie niti* nifru os:i«!r . 

Titrated solution of {..lermangaiiate of pihr^snsfn i% |Mi»red miu a 
known quantity of nitrite of potassium sniiiium, uiinl ilir piiik linl 
given by the permanganate remains. 1’hr ^aandard ^iiluiion of 
nitrite of potassium is prepared wiTli a sfiiall qmitifiiy" *4' niinir of 
potassiunfi, and when its degree of sircfiglh is kiNWifi it %% 
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with .li-liih-l H.u,-, f.. tin- .-sl.nu .u-cessury to obtain a solution 
ctinlaitiutK n'.uKU oi ,;j. <if niinniN aci<i per litre 

With IV!«taph..nylnn,vDiuminB. 4o test with metaphcnylene- 
<liiuninr ...iMnnwio. .trr usal. These are {.la.ss tubes 

wht.:h ..ll.nv th<- ...lMr.,t...n !„ i«. „utiml uiuier equal bulk of 
Ii,l«„r l-'iiu . ••!... tluMvaterlolwe.^caminecl are put 

i„t»* !t.l.r .nui IM U..H isii.l.leti i cubic centimetre of 

asrihitiHii Ilf .tilj.huu. .i.»i i.lii.imr.l by misitijr I part of .sulphuric 
acid ..I r. , 1! «,!h t jMit . .|,..iiii,-d u.iter. The mixture Ls stirred 

with .1 ql e.-. i-hI. .it.d ntidn ih.- mflneiuv of the nitrou.s acid in the 
water a veU.-H .11 suodtuert. iisiimnmity depending upon 

the rUiiniiiif »if sf! 

S|4ii«!4s 4 |*rr|Mm| with titnmnl nitrite of sodium, 

hur |4ii|rM'.r '.rvrs.il M »h ^iHurirk: tulx^H are taken and 
imrylt€"ird I, L 4,. nu. ffj earli u( thene is put I cubic 

miinttrtrr of ifn' '.Autism .4 nir|4|4irindcmtM!iiimiri^ r cubic centi- 
mrtrr i 4 ' 4. ul .mA , uhir rrnliimdrrs of distilled water. 

In Xh I |nii i^t ^nhu ^niijfiirlrr i»f ihc titrater! solution of 
miriii/ ut m \- i ntm‘ rrnlimetre, ami so on. The 

cirpihi inii >ur' 4 o 4 llir 4 mun|t iheHeHtandardscor- 

III,*! -^*1 f'h'r titidrr r\4iiiijfiatiiifi is souf^ht for. 

1^4 nr44ii*c\ i}i4i tlir iiiii «4 Xo, identical with the 

i:4hir4li‘'«ii VI dll ihr H.ifri iiodrr rxiifiiifidlion. If No, 4 

Urr» ohl.inird thf Idf.drif ecintiuninu 0*0001 gr. 

«| ii'f'i ’ dis- 1 4 -id>rsnr'!ir, ilu's ihat in the 50 cubic 

ceiitniinjr-i !b»- fhr^r 4ir ^-n. u| fiitruiis «anhyclride, and 

jier lilre 

.,?r s |»r, Ilf X 

If f§ v!> ihr r, tiiric inddiririfr*^ Ilf ihe wUition of nitrite 

III |l«d| 4 ^r-»|li||| Ihr “..!..rnd 4 rd « -af rr^ 4 p imlllif* IO thc tltlt HOtcd 

m W4irr 114 r \ 4 / ifjr liiiiiitirr twres|Hinding to the 

Ml -M -ni iin !lir luirdr jiMiassiiim solution* by 

In a flir 4 r:;|.dd ■^ 4 ’ 4 eid roiiliiinnl in 50 cubic 

ccnlinirifr^ s 4' thr ■:.% ..dr# nn fr ? r wr the equation 


anti |»f*r liiir 

X f ^ # U ^ix 

With Triitiiiclorff « fiMHiiri!, Hir qii4tititic4lk»fi of the nitrous 
a.iAi iiitli rr^^ni! dofir iff a sin^i’laf way to the 

TOttajihriiylriifr :di4«roii^ irrd In iIih. ifieilMicI blue tints Efc ob- 
taiiiitcl tiy thr .p ihm m! ilir ipiiMir-. and, which caii«i the formation 
€if ilo-t blur ii«i at! t ha more intense as the 
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liquor contains more nitrites. 1 he analy.sis is made with a series of 
colorimetric glasses. Into one of them 50 cuhie eentimetres of the 
water to be analysed are put. !ind l cubic c-entimetre of sulphuric 
acid at 60“ H. together with 2 cubic centimetres of 'rromstlorff’.s- 
reagent are added, For the i)reparation of the reagent refer to the 
part of this work treating of tiualilative analysis. 

A blue coloration forms which is comptircil with the standard.s 
})rei)<'ircd as follows : — 

hi 5 colorimetric glasses numhered t, .t, .g the correspond- 
mtmbcr of cubic centimetres of a titrated solution ol nitrate of 
potassium or of sodium is iiilrodtteed, that is to say i i iihic eenti- 
metre is put into No. i glass, J euhit ceiilinieties into No, 2, ami 
.so on. ICach glass is brought up to 511 tnhic 1 enliinetres with dis- 
tilled water, then into each is put i ctihii lenliinetre ol hydrochioiic 
acid of 60" H. and 2 cubic centimetres of Tionisdorll 's reagent. The 
tints of the standards are eoinpared .is In'iore with that of ilic water 
under examination. 

If ft be the number of eiiliic centimetres in the standard corre- 
sponding with the tint obtained in the .nialysed water, and / the 
amount of nitrntis acid in the litrati'd solution oi nitrite o| potassium, 
by representing the weight of the nitrons m id t tmtaiiietl in c.c. 
of the water analysed as.!, we obtain the formula 

.V II X f, 

and per litre 

X fi X f X io. 

Nitrates. — The quaiitifuation of jiitrates can Ite efterted by 
evaporating i or 2 litres of the water with t gramme ol caustic soda 
down to 20 cubic centimetres, and then atialysing the nitric aciti by 
Schloc.sing',s proces.s. 

Thi.s proce-ss depends iijaitt the redmtion of the nitrates to- 
nitrogen dioxide with (irotochloride of iron in an aqueous solution 
and in the presence of hyrirtathloric aciil. '1 he teat tioji is as 
follow.s 

6 FeClg + aNiiNO^ + 8HCi + » tl'eJ l^. 

Hy calculating according to the molecular weight*, it will lie 
.seen that to have a titrated solution of tiitr.itr ol •.oilium which 
gives off, per $ cubic centimetres, itx) cubic icntimetrej. of nitrogen 
dioxide gas, it is necessary that the wjUition should contain 76 
grammes of nitrate of sodium jier litre. A titrau-r! •.olution is there- 
fore prepared containing 76 grammes of mlratc of ■.tslmm |K?r litre. 
In commencing the analysis 40 ctibic centimetres «»f a solution 
of a ferrous salt prepareti by treating 2m gratmiu *. of iron in 2O0 
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cubic ccutimctre.s of water acidulate (3 with an excess of hydro- 
chloric acid, and brinffinj; this up to a litre with distilled water, are 
put into a flask. The arrangement of the apparatus is shown in 
fig. 134. About 40 cubic centimetres of pure hydrochloric acid 
are poured into the funnel and allowed to run into the flask. After 
having boiled the litiuor for a few minutes to expel all the air, a 
graduated lube is filled completely with water and put in the 
hydraulic trough over the end of the bent tube B. 

'l'l\e Ii(|uid is again brought to the boil and the residue of the 
evaporation of the water to be analysed is put into the funnel and 
allowt'd to run drop bj' drop into the flask. The reaction quickly 
takes place, and nitrogen dioxide bubbles into the graduated tube. 
The Itinnel is washed with 10 cubic centimetres of pure hydro- 



chloric acid and this is allowed to run into the flask, continuing 
the boiling. In a short time no more gas is given off, and the 
level of the water in the graduated tube remain.s constant. This 
graduated tube is then iilaced on one side in the hydraulic trough 
to Ik; used later in the com[)arative analysis. 

.Xnothcr trial is made with the titrated solution of nitrate of 
stKlium. the graduated tulx: put on one side is replaced by another 
full of water and put over the end of the glas-s tube and the liquor 
is brought to the l«>il. Five cubic centimetres of the titrated solu- 
tion (»r nitrate of stKlium are put into the funnel and allowed to- 
run drop by droji into the flask. The gas is given off and finally 
the funnel is washetl with about to cubic centimetres of hydrochloric 
acid. The ojieration is made exactly as before, and stopped when 
the gas ceases to be given off. The graduated tube is then put side 
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to 120 C. Into this the solution of sulphate of indigo is added* 
drop by drop by means of a graduated burette, and the addition 
is stopped the moment that the liquid takes a light bluish-green 
tint. The number of cubic centimetres of the sulphate of indigo- 
solution used is then noted. 

Another trijil is made by operating in the same way on 5 cubic- 
centimetres of the titrated solution of nitrate of potassium, by 
pouring in at once n divisions of indigo, then continuing to pour 
gradually until a greenish tint is obtained. The number n' of 
divisions is then noted, n' thus corresponds to 5 cubic centimetres- 
of nitrate of potassium, that is to say to O'OOS gr. of nitric anhydride 

NyOf, and O'OOi gr. of nitric anhydride corresponding to ~ of sul- 
phate of indigo .solution. 

From this we can easily deduce the quantity of water to be added 
to have a solution of sulphate of indigo 6 to 8 cubic centimetres of 
which will correspond to o'OOi gr. of nitric anhydride, that is to say 
to t cubic centimetre of a titrated .solution of nitrate of potassium. 

In cpiantifying the nitrates 25 cubic centimetres of the water to 
be analy.sed is [Uit into a porcelain capsule. Twenty-five cubic 
cenliinetres of pure concentrated sulphuric acid are added and the 
mixture is raistid from no" to 120" C. The sulphate of indigo- 
solution is poured in rapidly with a graduated burette, until the 
greenish coloration is obtained, and the number of cubic centi- 
metres B of the .solution u.sed is noted. 

'I'his trial is made with a fresh 25 cubic centimetres of water, 
hut 8 cubic centimetres of the titrated solution of .sulphate of indigo- 
are imt in, and the i)ouring out of the solution is continued until, 
the coloration is obtained. The number S' of cubic centimetres of 
sulphate of indigo used is noted. 

If the titrate<l solution of sulphate of indigo is such that i cubic 

cenliinctn! ' ' of nitric anhydride, n being the number of 

cubic cenliinetres of titrated sulphate of indigo, corresponding to- 
O'OOI of anhydride ; if, moreover, 8 is the number of cubic centi- 
metres of the nitrate of potassium solution used, by representing the 
weight of anhydride contained in 25 cubic centimetres of the water- 
by X, we obtain 

.V =» X 8', 

n 


and per litre of water:— 
X ^ 
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With thi.s method the re.sults obtaiiieti are less than the true 
figures when the water cfjotains organic matters, as these matters 
are easily oxidisable and the nitric acid eonseciuently acts upon 
tlicm. A more exact analysis may be made by iinantirying to 
•begin with the organic matters contained in the water. 

When once the quantity of permanganalt- of potassium necessary 
to destroy the organic matter is known, we can take tc« cubic 
centimetres of the water to l»e analysed and atld to it the necessary 
quantity of permanganate to destroy the organic matter, and then 
bring the volume up to 150 cubic centimetres. 

The analy.sis is made as before on .*<; cubic centimetres of thus 
water. The iiroportion of nitric anhydride contaiiiefl in .25 cubic 
•centimetres of thi.s water is calculated by multiplying by j 'a the 
weight of nitric anhydride obtaineil in the preceiling formula. 

Quantifloatlon of the Chlorides. The quantitative analysis of 
the chlorine can be done either hy the vuhunetrie metliod or by 
gravimetric analysis. 

Volumetrh' Method, This method deitemls npon the following 

principle. If we pour a .solution of nitrate of silver into a solution 
•of an alkaline chloride, on adding chromate of potash a precipitate 
of chromate of silver forms, which dissolves in the alkaline chloride 
until all the chlorine has Iweri precipitated in the state of chloride 
of silver. To use this princijile in analysis, therefore, we take with 
a graduated pipette 50 or icxior more euhic centimclreH of water 
according a.s the (|uantity of chlorine contained in the water is 
more or less, the qualitative analysis having alreatly indicated this. 

The water is put into a beaker and 3 cir j tlnips of the solu- 
tion of neutral chromate of potassium, wln'ch serves as indicator, 
are added. A graduated burette is fillwi with a sohition of nitrate 
•of silver, prepared .so that l cubic centimetre of the solution con- 
tains O'OOI gr. of chlorine, which is obtaiiietl by dissolving 479 gr. 
of nitrate of silver in a litre of rlistilUsl water. 

The solution of nitrate of silver is {mured dm{» l>y drcqi fr«»m the 
burette, and the addition is .sto{){»d when on stirring a reil colour 
appears and remains, by reason of the formation of insoluble 
•chromate of silver 

KgCrO, + aAgNOj, - Ag.CrO, + KHCV 

The number of cubic centimetres us«l to obtain this reaction (» 
then noted. If n be this number, and N t>c the number of cubic 
•centimetres of water, the weight x of chlorine aintainai In these N 
•cubic centimetres of water will be given by the formula : - 
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1000 

X = o'ooi X n 

N 

Gravimetric Method. — This method depends upon the fact that 
•a determined weight of chlorine corresponds to a determined weight 
of silver. 

If a solution of nitrate of silver is added to a solution of alkaline 
chloride, a white precipitate of chloride of silver is formed, the 
weight of which determines that of the chlorine : — 

AgNO, -h NaCl - NaNO, + AgCL 

A t|uantity of the water, 50, 100, or more cubic centimetres, 
according to the i)roportion of the chlorine which it contains, is 
taken with a graduated pipette. 

This is put into a beaker, then acidulated with nitric acid. A 
•solution of nitrate of silver is then added until no fresh precipitate 
i.s formed by the addition of the nitrate. The contents of the 
beaker are filtered and the precipitate on the filter paper is washed 
until the wash waters are no longer precipitated by a solution of 
chloride of sodium. The precipitate is then dried and weighed. 

Let n be the number of cubic centimetres of water tested, / be 
the weight of chloride of silver found. 

The weight x of chlorine contained in these ?i cubic centimetres 
will be given by the formula 

X «« / X 0*2474, 

.and per litre i— 

V 247*4 p 

Quantification of the Sulphates.— This analysis depends upon 
the precipitation of sulphuric acid by chloride of barium in the state 
■of sulphate of barium. An exactly determined weight of sulphuric 
acid corresponds to an exactly determined weight of sulphate of 
barium. 

According to the proportion of sulphuric acid which may be 
contained in the water, 50 , icxd, or more cubic centimetres of it are 
taken with a graduated pipette. This is put into a flask of Bohemian 
glass, acidulated with hydrochloric acid and brought to the boil. 
Then a hot solution of chloride of barium is added, and the whole 
13 boiled up for about a quarter of an hour, the following reaction 
occurring : — 

HgSO^ + BaClj - BaSO* + 2HCI. 

The precipitate of sulphate of barium formed, ordinarily difficult 
to separate, easily deposits by this method. It must be ascertained 
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th.at a fresh addition of chloride of bariiun produces no precipitation, 
then the contents of tlie flask are filtered, and the precipitate is 
washed and calcined. 

Let n be the number of cubic centimetres ol‘ water tersted, and 
p be the wci{,dit of sulphate of barium found, the wei^fht .v of 
sulphuric acid SO,, contained in the n cubic cenlimctres of water 
will be given by the formula : 

X p X 0-343 3 , 


To avoid the water spurting out of the flask for want of air, it is 
necessary to use a little glass bulb matle by drawing out a glass 
tube in the blow[)ipe flame and .soldering one of its extremitie.s. 
By putting this into the Ikpiid a (luiet boil is oblained, us it supplies 
a little air. 


3, B.vsks. 

Quantification of Organic Nitrogen or Albuminoid Ammonia.— 
Waters contain iimmonia free or in cotnhinatinii ;ind there may lie 
ammonia arising from the different organic matters contained in 
the water. I'he method of Wanklyn ami ('hapmun to nuantify this 
organic nitrogen or alhinnimnd ammonia depends upon its trans- 
formation into amnujuia Ity boiling it in the presence of a solution 
of permanganate of potassium with an ex< ess of alkali, 

h'ive hundred eiibie centimetres of the water to Ite analysed are 
put into a glass retort ;ind 15 eultic centimetres of a saturated 
solution of carbomite of soda are adtletl. The liipurt is ilistilled 
and the operation stopiied when 2txi eubic centittj«*trrs nf tlu* dis- 
tilled product have been obtaine«l, Thes«' J(k» cidiic cetitimetrcs 
contain all tlte free or combined nmtmttda of the water. The 300 
cubic centimetre.s remaining in the reteirt are ojK^rated ujam to 
quantify the albumint)itl ammonia. 

Fifty cubic centimetres of a s<thition of alkaline j>ermatiganate 
of potassium obtained by dissolving 200 gramnies of soUrl caustic 
potash and H grammes of permangatiate c»f [sttassimn crystals in 
I litre of di.stilled water are arldetl ttj the contents of the reUirt, 

The di.stillatlon i.s continued and the distillate is eollectetl in two 
colorimetric glas.seH. In the first of these, 50 eubic centimetres are 
collected, and in the .second 100 cubic centimetres. These 150 
cubic centimetres contain all the albuminoirl nitrogen, that is to 
say transformable into ammonia. The operator may Ik? assured of 
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thi.s by cliHtilling a frc.sli 50 cubic centiiTietre.s of the liquid which 
will coiUain less than (mc-hundredth part of a milligramme of 
ammonia. 

1 he two portions of liquid contained in the two colorimetric 
glasse.s arc then e.Namined by comparison with a .standard solution 
of chloride of ammonium containing 3'iso gr. of the salt per litre, 

I cubic centimetre of this solution corresponding to o'ooi gr. of 
ammonia. In order that equal bulks of liquid should be examined, 
[00 cubic centimetres of liquid arc operated upon in all the trials. 
'I'o the first portion of the distillate 50 cubic centimetres of distilled 
water fire therefore added. 

'Fhe stfuulfirds arc now prepared. Five colorimetric glasses 
fire taken, find 1,2, 3, 4, 5 cubic centimetres are added to them 
res[)ectively. Then they are brought up with distilled water so 
thfit they cfich contfiin 50 cubic centimetres of liquid. 

h^inally in the two glasses containing the distillation products 
find in efich of the five standfirds are put five cubic centimetres of 
Ne.ssler's rufigenl. The contents of efich glfiss is stirred up with 
a glass rod find the coloration noted. Let us suppo.se that the 
colorations corresponding to the first portion of the distillate are 
similar to the type containing 6 cubic centimetres of .solution of 
ehloriile of aininoniiun, find for the second portion 6 ' cubic centi- 
metres. 

The sum 0 O' repre.sents the total chloride of ammonium used 
to give these two colorations. 

Therefore this solution of chloride of fimmonium is such that i 
cubic centimetre corresponds to O'OOOI gr. of ammonia, and con- 
sequently if the weight of the organic nitrogen or albuminoid 
ammonia contained in the 150 cubic centimetres of the distilled 
product is c.\[)ressed by .r, we obtain the formula : — 

.r (0 + O') O'OOOI gr., 

and jier litre : — 

X = ((? + O') 0-0003 gr. 

Quantification of the Ammonia.— -The ammonia in a free state 
or in cumbimition in the water-s may be quantified by distillation in 
SchUxj.sing’s niiparatus. 

Thi.s apparatus consists of a gla.s.s retort B in connection with a 
seriKjntinc coil of glass tubing S which runs into a tube of glass R 
through which a current of cold water can be kept flowing as a 
refrigerant. Fifty cubic centimetres of the water to be analysed 
are put into the retort and 3 to 4 grammes of pure calcined mag- 
nesia are added. The retort is then connected with the serpentine 
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coil. Heat is ap|)lic(l anil at tl)c end nfa few inimiits the ammonia 
is given off. 'rcii cubic ccMiUinctrcs of a littatcd solution <jf sulphuric 
acid arc put into a flask /», and the cmuI oI the tube connected with 
the serpentine is put into the acid. 

The ammonia neiitr.alists sidphuric arid as it t'oines off, and the 
water is kci)t b{)iling for alioiit an hour anti a hall. 

To quantify the auimtuiia eoniained in iht* watts*, lhert‘fore, the 



Fie*, 4i}yip»nti4 


quantity of ammonia abscjrl)e«l by the sulplutrie aeid mu^i be 
ascertained. To do this tincture ejf lilnuH is usnl m m indiciiitar, 
and this is redtlened by the presence of the Htilpliiiric acid in excess 
in the dask. In determining the proportkin tif litis ai:ifl in excess, 
that i.s to say the acid not neutralised by the aiiiinonia, we learn, by 
difference, the (juantity of sulphuric acid which has ab«trtK!tI all the 
ammonia, and thus the prciporlion of affirnfinia in the water. 

All that has to be done, therehire, k to lilnile the sulphuric 
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acid, 'rhis is done by using- a titrated solution of soda, neutralising 
volutnc by volume of it with the titrated solution of sulphuric acid 
employed in such a way that i cubic centimetre of soda solution 
corresponds exactly to i. cubic centimetre of the solution of sul- 
phuric acid. 

'ri\e graduated burette is filled with the titrated solution of soda, 
and this is poured drop by drop into the flask containing the 
sulphuric acid and the ammonia which has been distilled over. 

VVIum the tincture of litmus turns blue, this shows that enough 
soda has betni added, and that the excess of acid is completely 
iieutralisc*d : - 

1 1 , SO., + 2Na()II - Na,SO, + 2H,0. 

'The operation is then stO])ped and a number S of cubic 
centimetres of titrated soda poured out is noted. This number 
{‘orresponds exactly to 8 cubic centimetres of titrated sulphuric 
acid, and conseciuently the number of cubic centimetres of sulphuric 
add neutralised by the ammonia is 10 S:— 

1 1 , SC), + 2NI-L, « (NM;),S 0 ,. 

I’o obtain these results with precision, the sulphuric acid 
solution should be very dilute, 

I f I cubic* centimetre of tliis solution of sulphuric acid corresponds 
to a weight ^ tT ammonia determined beforehand, we get, represented 
l iy r, the weight of ammonia contained in the 500 cubic centimetres 
of water; 

,1* (10 - 8) 0 , 

and per litre : 

X (10 S)2 0 . 

Mti/mi wiih Nesskr's Rcageni, — This method 
depends on the red coloration with Ncssler’s reagent, the tint of 
which is more or less intense in proportion to the quantity of 
iiminouia in the water. By comparing the tints with standards 
containing knt)wn quantities of ammonia the proportion of ammonia 
contained in a water may be ascertained. 

A solution cfjntaining 0*317 of hydrochlorate of ammonia 
I>er litre is pre()are(l, and as 0 ' 3 I 7 gr. of sal ammoniac correspond 
exactly toO'iogr. of ammonia, i cubic centimetre of this titrated 
solution cjf chloride of ammonia corresponds to o'oooi gr. of 
ammonia. The quantification of ammonia contained in the water 
by Nessler’s reagent can be done with the distillation product ob- 
tained with Schloesing’s apparatus or with the water directly. 

If the water itself is quantified it is preferable to begin by 





rN[)USTRrAl. USKS OK WATKk. 


precipitating the salts of lime and ma^^nesia in order to obtain 
a clear coloration with Nessit'r’s rea|.n‘nt. 

This preliminary preciiatalion can he (Un\c hy addin^^ a few 
drojis of a 30 per cent solution of caustic soda .uul t'arbotiatc of 
sodium to 100 cubic ccntimelrt's of llu* water, anti then filterini^^ 
The fdtrate of course is oiuu’ated u\Hn\, and for this purpose 
SO cubic centimetres of it are put into a colt»ritnetric |.tlass. 'fhe 
standards are t)reparcd by 0 j, 4, 5 t:uhic: centimetres 

of a titrated solution of chloride ol ammonium into as man\“ ^rlasses 
and filling them up with distilled water so as to have? in each a 
bulk of 50 cubic centimetres of litpiitl, lntt» the wixivv Iti be tested 
and into each of the standards 5 cubic tentimeires of Nessleds^ 
reagent are added, and tlu‘ litjuids are stirrcnl up with a glass rod. 

The tint obtained is noted in the water uiuli*r analysis, and the 
standard corres[)onding with it is sought for liy eomjmristm. 

Let us suppose that this is the standard CiHitainiug cubic 
centimetres of the titrated soluti<Ht <4 i’iiloritlo «4 amnmnium, 
I cubic centimetre of this solutit»n Ciitrespondini: to ccckmu gr. of 
ammonia. Then if x represents the weight o( aiinnnnia i taitained 
in the 50 cubic centimetres of water to be anal\Hcd, \ve have; 

A // s (roocM , 

and per litre : 

X tree K 14 //, 

Quantification of the SlHca, Linrm and Magnesia* Into a 
[lorcelaiu capsule 500 cubic centimetres «4 wat«a to U* analysed 
are put and evaporated to dryness. 

(jhtained is takmi up with li^alroi hbaic acid 
to dissolve the soluble salts of calcium and magn«-sium, and the 
silica remains behind as it is instilulije. 

The caiiHule is fdletl up with tiistillcr! watm and the* rrintcnts are 
filtered, the silica remaining on the filtre pajwn' ^vaslirtl with water 
acidulated with hydrochloric acid and then with iJisf tiled water. 
After having dried the [irecijtitate it is caleine«i in a larcif cafisule 
and weighed. If ^ is the weight of the tarcii 1 apsidr, !* that of 
the capsule containing the calcined precipitate*, the differertce of 
the weight is represented by silica, and if this wrigltl is pml as .r we 
obtain • 

X ^ F 

and per litre of water :~ 

X (i* - p) 2. 

AiVam— T he filtrate contains tlie lime and the magfirsia. To 
quantify the lime we commence by neutralising the hydrochloric 
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acid in excess with ammonia, adding ammonia until the filtrate is 
slightly alkaline, and finally we add oxalate of ammonia to pre- 
cipitate the salts of lime : — 

I LjC,/),, + CaSO,, = CaC.p, + H„SO,. 

'The precipitate is then filtered and washed with hot watei-. 

It is then dried and calcined in a tared capsule, until it is at 
a dull red heat. 'I'he oxalate of calcium is decomposed into car- 
lionalc of calcium, and the result is calculated as the carbonate. 

CaC.,(), = CaCO., + CO. 

If/ is the weight of the capsule before the calcination and P 
that of the capsule after calcination, the weight x of calcium will be 
furnished by the formula 

X >= (P - /) 0-4001, 

and per litre : — 

X P - / o-Koo2. 

Hy continuing the calcination of the oxalate of calcium to a 
cherry red heat, the carbonate of calcium is converted into quick- 
lime 

CaCO|j ^ CaO + CO,j. 

This (luicklitue being very hygroscoiiic should be weighed as 
soon !is it i.s cool, in order that it .shall not take any moisture from 
the air. 

If/' e.x[)resst!S the weight of the capsule before the calcination, 
P' the weight of the capsule after calcination, the weight x of the 
calcium contained in the 500 cubic centimetre.s of water will be 
given by the formula:— 

X - (P' "/')o- 7i43, 

and iier litre : — 

X' «= (P' - /') 2 X 0 - 7 143- 

If it is desired to exi^ress the results in oxide of calcium, the 
formuhe become:— 

a- «. (P - /) o'Sdoo, 
jr* (P' ” /') 0-5600. 

#/rt^i<'«rt.~The filtrate now contains only the salts of magnesia. 
It is evaporated to dryness in a porcelain capsule and the residue 
is calcinetl to drive off the ammonia. This residue is treated with 
hydrochloric acid, and a little nitrate of ammonia should be added 
In order to retain the iron and alumina that the water may contain 
in solution. The magnesia k quantified in the state of double 
phosphate of ammonia and magnesia, and for this purpose phos- 
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phatc of soda is added and ammonia in excess. After thorough 
stirring it is allowed to settle for twirlve hours, anti the phosidiate 
precipitates according to tlie following rcactit^n : 

Na,PO, 4 - MgSeXj K NII,C:i Nh-oSO, 4 NaCd 4 MgNU.PC).,. 

It is theti filtered and tlu‘ precipitate is washed in water to 
which a little ammonia has been added, then drit'd anti calcined 
in a tared capsule, 

Hy calcination the tlouhlt* plujsphale with the loriuula MgNn., 
PC),, is transformed into the jiyrophosphate with the furnuda Mg,^ 
PoO«, a well-defined l)od)'. 

This change is shown in the reaclitins : 

^MgN[[,P(), iVIgJhO, I 11,0 I jSll. 

If /» is the weright of the capsule heftire cah inaiitat, and P that 
of tht' ca[)sule after caleinalitm, the weight id tlu* nmg.nesia MgC) 
contained in the 5 cx) cubit* centimetres <d water will he givtm by 
the formula : 

.r (P /ur^frtc*, 

and per litre :™ 

X i P - 07J04. 

The magnesium in the magnesia is calcutaled by the iormula 
a ( P - /f 'l era 1 01. 

Quantlfloatlon of the Soda and Potaitu Alter having qtiaiitified 
the lime and magnesia, phosphate of ainiuoiiia ami magursia remain 
in the Ii(|uor. It is filtered and the pretd(iitatr i-i u*eJiet|. The 
filtrate contains the salts of potassium and stsliuin, wiilt a certain' 
amount of (iluisphoric acid whit h mma Ih* ehminaied, I1ie plum* 
phoric acid is got rid of either by precipitation b)” ih«* s»dts of lead 
or by lime. To separate it out with lime ilu* liguid i-* iir .t coficen- 
trateci by evaporation and then milk cd lime is atided in sufficsent 
quantity to precipitate all tlu* phosphoric* acid. U is aHcaved to 
settle for some time. As the lime is of rmira* m c it m got 

rid of by adding a little scduticni of carbonate or oxalate^ of amrncniia. 

I he lime is deposited in tlu? form cd“ a pret ijiiiau% u hn li i * filtered 
and washed. 7 'he wash waters are ccdlected in a capsule wiili the* 
filtrate and eva|K)ratecl to flryfiess, I he evapeuah d residue* c c«n» 
tains the soluble salts of potassium, HCHiitirn and animtaiimiL 

By calcining the resirlue in it [Hircelain c«ip.^iilr the* salts of 
ammonia are driven off. Tht* residue is taken up with water 
acidulated with hydrcchloric itciVl. SiUIh of fKitassiuni and nt^dium 
which remain in the capsule are in a state of chhirirlr. 

The residue is dissolved by the water acidylalril witfi hvdrtL 
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chloric acid and the .solution obtained i.s put into a flask graduated 
at too cubic centimetres, and the level is kept up to this mark with 
distilled water. After h.aving mixed the liquid well it is divided into 
two ec[ual parts, d’he one is tested for pota.sh, the other for soda. 

Potdsxiiiiit.’ - Half the liiiuid, that is to say 50 cubic centimetres, 
is put into a caiisule, chloride of platinum i.s added and the liquid 
is concentrated by evaporation in the water bath. By the action 
of the chUu'ide. of jilatinum on the chloride of potassium a preci- 
|)itate of a double chloride of platinum and pota.s.sium is obtained : — 

PK'l, 4 2 K:C 1 l'tCl,,2KCl. 

When the li(|uid is suflkiently concentrated and the chloride of 
platinum is well in excess, the evaporation is stopped, and after 
complete' cooling, ho" ;dcohol is added. 

The precipitate is thmi collected on a tared filter, washed with 
the alcohol, dried in an oven at 100" C., and finally weighed. lfy> 
is the weight of the precipitate, re[)re.senting by x the weight of the 
pota.ssium contained in the 50 cubic centimetres, we obtain: — 

.r on 60 1 /, 

and per litre : - 

X 0'3202 p. 

Stuiiiiiii. ' 1 ‘he secoiul portion of the liquid is put into a tared 
capsule. Two cubic centimetres of pure hydrochloric acid are added, 
and evaporated to dr)'ne.ss. 'Fhe residue is then slightly calcined, 
and a mixture of chloride of .sodium and chloride of potassium is 
obtained. This residue is weighed. If p' is the weight of the tai-ed 
capsule. I*' the weight of the capsule with the residue, the difference 

!’■ - p' weight of NaCl 4 - KCl. 

Knowing the weight of potassium contained in the water by the 
preceding analysis, if we call the weight of the pota.ssium t we can 
calculate this weight of potassium in chloride of potassium. 

Representing by tt the weight of the chloride of pota.ssium 
fourul we obtain — 

TT T X f9103. 

Knowing V'p', the weight of the sum of the chloride of potas- 
sium and of sodium, and tt the weight of chloride of potassium, 
we obtain for the weight x contained in 50 cubic centimetres of 
liquifl, that is to say 500 cubic centimetres of the water to be 
analy.sed ; - 

X - < B' - / - TT, 

and [Kjr litre 

X' - (P' -ir) 2. 
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4. Mktai.s, 

Quantification of the Lead. A lilrcof (lir water to 1 k‘ analysed 
is evaporated to dryness, and after coolinfj tlu- residue a few drops 
of nitric acid arc added, and it is aKain evapnratisl to dryness. Thu 
residue is then calcined to get rid of the organic matters of the water. 
The residue of the calcination is taken tip with witter acidulated 
with nitric acid. The .salts of lead which mae he in the wttter are 
dissolved and may be tiiianli(ietl lij- colorimeliit analysis by means 
of the cliaracteristic retiction of siilplntretted hydrogen. 

+ II,.S I'h.S i jUNO... 

This method was adopti'd by Dr. .Smith in the int|ttiiy into the 
action of the waters of the Dee anti the Don ott lea>len pijics 

The sulphuretted hydrogen may of course Ih- reiitaeeil by hydro, 
sulphate of ammonia. In operating in the. ni»-t!iod the calcined 
residue taken up with water ticidithUed with nitric ttciti is put into 
a colorimetric glass. The volume is Ijrmiglit up to ^tt mbic centi- 
metres, then the standards arc prcp.trcd b> pulling t, g 4, 5 
cubic centimetres of a titnitcd solution <4 nitrate of lead into 5 
glasses in the usual manner. One cubic teiilimette of the lead 
solution corresponds to trcKKii gr. of metallic Icail. One cithic 
centimetre of sulphuretted hydrogen, or from .• to t tltups of hytlro- 
sulph.ite of :immcmiu,is pmirctt inttr each glass. ,\ftcr Iraving imted 
the tint, that in the trial glass is comparetl with the st.nidanls in 
the usual immncr. 

If, for instiince, the water has a tint conesjMinding to the 
standard contained in u‘txx,)l of le.Ki, if we lepresent by .» itie 
weight of lead contained in the litre of water taken lor examination, 
we obtain 

X tcfxxri gr. 

Quantlfloation of Copper. I he «ipiH-i can also Ik- riuantificd 
by the colorimetric method, whit h idlows mere traces r»f it t(» Ik? 
e.stimatetl. To commence with, 350 ‘>r jtro cubic centirm-tres of 
the water are evaporated to riryttcHS. then taken up wilit water 
acidulated with a few drops of nitric acitl, ami ftUererl. The filtrate 
i.H put into a colorimetric glass anti this is (illeti up to §0 cubic 
centimetres with distilled water, Then i cubit lenUtnetres of 
ammonia are added. This addition of ammonia poaluces a blue 
coloration, more or less intt?nse according to the .iniouiit oftop|>er 
in the water. The tint is comparcri as usual w ith a series of stand- 
ards containing known projmrtions of copfier. 

These standards are prejmreti by putting into a series ttf colori- 
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metric glasses i, 2, 3, 4 and 5 cubic centimetres of a solution 
containing O’OOOi gr. of nitrate of copper per litre, filling them 
u[3 to SO cubic centimetres of distilled water and adding 2 cubic 
centimetres of ammonia. 

If/ is the water evaporated to dryness, q the weight of copper 
corresponding to the standard of the same tint as the water under 
examination, and X the weight of copper per litre Oi water, we 
obtain - 

^000 q 

P 

Quantification of Iron,™'rhe iron may be quantified b}^ the 
gravimetric method. It is evaporated to dryness with a few drops 
of nitric acid taken up with water acidulated with hydrochloric 
acid, and precipitated in the state of sesquioxide of iron with 
ammonia, tia^ amount of ammonia used determining the quantity 
of the iron sought for. 'Fhe colorimetric method, however, is quicker 
to operate and allows smaller quantities of iron to be quantified. 

A measured t|uantity of the water to be examined is evaporated 
to tlryness with a little nitric acid added. The residue is taken up 
witli water aciiluhited with nitric acid and put into a colorimetric 
glass. The standards are prejiared as in the case of copper in colori- 
metric glasses witli a titrated solution of nitrate of iron containing 
cnx)Ol gr. per litre, and putting into the glasses respectively i, 2, 3, 
4 and 5 cubic centimetres. The solution in each is brought up to 
50 cubic centinietres with distilled water, then to each is added 
2 cubic centimetres of a 10 per cent, solution of sulphocyanide of 
ammonium. Red colorations are produced, the tint deepening as 
more iron is present, and the tints are compared in the usual way. 

If the standard corresponding in tint with that of the water 
contains a weight q of iron, and / is the measured quantity of 
water examinert, by rc[)re.senting by X the weight of iron per litre 
cif water, we get : - 

V 1000 </ 

X. 

5. Quantimcation OI’’ THE Orcjanic Matter. 

The quantitative analysi.s of the organic matter with perman- 
ganate of |)otas.sium depends on the property of this salt of re- 
ducing the organic matter. It thereby loses its colour, and the 
quantity of organic matter present may be deducted from the 
quantity of prennanganate added to the water necessary to obtain 
a persistent pink coloration. Only approximate results can be 
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obtained, as the organic inatlers act vcr\’ i»n the per-^ 

mangaiiate, and moreover certain iiujrganic matter^ have the same 
discolouring effect. 

The nitrites for instance retluce the [>erinan|‘,attat<\ ,iud this may 
frecinently occur, as the coiupoutuls of nitrogen are tretiiumtl>* foinul 
in waters. On theotlun* Itand, urea and analogtnis compfuincls have 
no reducing effect on the permam:anate. An a rule, tlu’ indieations 
obtained by this process iu)dia'esiimate the quautitu*H nf organic 
matters. The titrated stdulimi of pennanp,aoat«^ of potaNsimn shmild 
be prepared in such a wa>‘ that i cubic crntimetie e. etpnvaleiit to 
O'OOOr gr. of oxygen or dxkkijS.S of nxalie ac id 

This sohiticm is j>repared with a standard Nolufion usvtl in 
laboratories, which contains t*xactly 3 toj gr. of pm inaiiganaU* of 
potassium ))er litre. One cubic c entimetre of thtN 1 . f*s|uivahmt to 
O’OOOiS gr. of t)xj*gen, or crcxjtij gr. c»f oxalic ♦h hI. lly taking 12$ 
cubic centimetres of this standanl stihiti«»n, ami Itlliny, up with diN* 
tilled water so as to ohtai!\ l litre icf hi|uid, we ohiaui the propoNccl 
solution. The permanganate of potassium soltitucn lie titrated 
in the manner wc have descrihcsl in explaining the c|nant ifu aiiou of 
oxygen by Mohr’s [irocess. h'or this purpose a siihilion 1 oniaining 
exactly 39*2 gr. of the double sulphate of ir«m am! of amtiionnifn or 
Mohr’s salt [jer litre is used. 

Instead of the dtnible sulphate iion may in rfit^ fotm of 

pianoforte wire, taking ifitt^ actmint the fact ili.il ttm of pianoforte 
wire corresponds to fa/7 of pure iron, and that m gi of pure iron 
correHiJonds to o*oo8 gr, cjf oxygen, that is to ^av l«i 1 cubic 
centimetre of normal oxalic acid, (*r «rri3 gr. of trm^ oxalii acid, 

The strength cT the permanganate of faitasNiuni nun" \n* gauged 
by the quantity cjf ircui ne«?essary to re«!m:e it, and wlirn thin is 
known we are able tti pre(*are the* propo^rd Noluimn, Together 
with this solution of [jentianganate of p«4a‘4Hiym we prepare another 
solution of oxalic acid, capable of neutralising a voliune by v« 4 uitH% 
HO that i cubic centimetre rd the sohition of a« id rorrrsjionds 

exactly to 1 cubic centimetre the titrated Noltilion hI p«’'rtii4ngarnite 
of {lotas.sium, 

To prepare this solutiom 07KK ol^ pure oxalic m ul v. aihlrtt Uf 
I litre of distilled water. The solution tluis prepaied nlioyld nruinc* 
line the titrated solution of [K^rmanipinalr of fita.e^Niung volimie by 
volume. If it dems not. the quantity of tixalk: iicad mlclefl t«if 
enable it to do so must be ciilculatech 

I‘'or th(* purposes of the analysiH, 2c:» cyfiic' criiliinrtres of the 
water are put into a flask* and 5 cubic rrntimrlrr-^i of }iiirr 10 |M*r 
cent, caustic soda, together with to cubic cenliriielrrx c4' the 
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man^mnatc solution, arc added. The solutions are boiled together 
for ten minutes or so, and the liquid is allowed to cool down to 50° 
C., then 5 cubic centimetres of diluted sulphuric acid are added. . 
This is prepared by adding i part of water to i part of concentrated 
sulphuric acid. Mtially, 10 cubic centimetres of the titrated solution, 
of oxalic acid are j)ut in. 

1 he organic matters contained in the water, like the oxalic acid,, 
exercise thm’r reductive action. The permanganate of potassium 
poured in is discoloured, and there is an excess of oxalic acid which 
iruisl he calculated, 'i'he amount of the excess of oxalic acid is 
ftscerlainetl by pouring the titrated solution of permanganate of 
potassium into the licjuid from a graduated burette. 

1’he number of cubic centimetres poured out which corresponds- 
to the excess of oxalic acid is noted, and as the excess results from 
the retluclivc action cjxtjrcised by the organic matters in the water 
on the lo cubic centimetres of solution put in to begin with, we can 
make the following calculation :• — 

If // is the number of cubic centimetres of permanganate of 
potassium neccissary to obtain the persistent pink tint, this number 
/i corresponds to /i cubic centimetres of oxalic acid, that is to say to 
N X 0‘(XK)788 gr. of oxalic acicb The results of the quantification' 
of organic matters are often indicated in oxalic acid. Sometimes 
these results are expressed in the organic matters themselves, it 
being granted that the weight of permanganate of potassium found 
in the analysis is five times that of the organic matters contained 
in tlie water under examination. 
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■ liltrnog ‘.’i.airr for, 1 41. 

' bypm.b|oHlr^^3 «n, 1 -pH. «4«,|, %%**, 
ni 4 gitr‘ 5 aton casbooalr m, « 4O, 117, 
prrpafOHi water bn. 141. 14^. « iq, |Pjm. 
«ribussi elibanlr in. <44. 
tatilpbtdr walri'fi 01. 144. 
mr of alum m, 14 1, 1 47. 1 
Firl awl iHirna^*':* pouHiof* |■«ror:r!m. 4^7. 
ISiiing eooo-aoou to Iwsslrt??., yy, >n|. 
Folantr. Irratwg wnaifr with, jW#, 
Foia^^hoim pri'nMn.g* 4 tiat«% ify 

in W4lrs, quaioiftealioo of. 444.. 
bo, 107. 

m water, 10. 1 ..j, 101. 

Folalo niarcb a ksrlrr i,;lratowr, 41. 
Ffreiptt.aSjf«« ol tnaiin h} aliim, 

017, 

• - wain In, .1, 44. 47, 1^, 

b 1 . 7^ », ill, I s ib, s 

140, jb-r, 

Fyrilirr ami Iwslpf, 

healer, flatbiei'*, 444 -'ijb. 

■ Carpenlief'«. 

.V- . Coafidilrniaogr'^i, 44*4; 

■■ llermiirf and Hiingba* 

— " IIUOMI*#, illb JiO. 

— Carjfi€iitkr'^. <$m, 

— Clark® Aikiiw awl FmicfS* 4*4* 

— cytitt 4 r«ci.i, 404, 

I ktfiailly 4 * 4 - J * b. 

-- I j 1 1 ' j 1 4 , 

— FrwluhdmX 

-- litrwalwmX J 4 fr» 4 j|, 

MllgflCft, 4 lfk 
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Purifying by alumina Balts, 263, 265, 
290. 

-■ process, Anderson’s, 264. 

— — Bird’s, 266. 

^ Boblique’s, 291. 

. . Buisine's, 263, 291. 

Coventry, 262. 

^ Defosae’a, 264, 265. 

Delattre’s, 293. 

— Oaillet’s, 289. 

^ Gaillet and Huet’e, 272. 

— Hermite’s, 269, 

— IIouj’.eau'B, 290. 

— Howatson’s, a66, 289. 

— Legrand’H, 289. 

Piet and Dumas’s, 267. 

-- Schloesing’s, 261. 

^ Hcott’s, 266. 

— — Sillar'H, a5.i|. 

» Suvem's, abq, 

Webster’s, 267, 

Purity of ruin water, 8. 

Pyritei, purifying sewage with, 262, 263, 
2Q2. 

R. 

Rain, organic matter in, 7, H. 
water, (u 

^ purity of, 8. 

Refinery emuent, treatment ol, 271, 372. 
Residuary water, treatment ol, 35o, 271, 
273, 373, 399. 

Retting, procesa of, 126, 128, 

« waterw, lumlysis of, 127, 128. 

Roiln as a boiler cleanser, 44. 

Ruit, origin of, 74, 77. 


S. 


Silicates in water, tests for, 306. 
Silk-cleaning, water in, 129, 130. . 
Silk-dyeing, recovery of tin in, 273. 

Sillar’s purifying process, 264, 

Sludge, drying apparatus for, 297. 

— utilisation of, 259, 265, 273, 279, 283,. 

297, 399. 

Snow, 7. 

Soap, action of calcium carbonate on, 3,. 

133. 316- 

Soap-making, filter for, 235. 

— purifying water for, 13 1. 

Soap solution, standard, 312, 313, 321, 323. 

— testa, 311, 313, 321. 

— waste of, in hard water, 133. 

Soap-works, recovery of glycerine in, 283 ► 
Soapy effluents, recovery of fats from, 277, 

281, 288, 292, 

treatment of, 273, 275, 278-299. 

Soda, purifying water with, 205, 212, 218, 

223. ■ 

Sodium carbonate in textile industries, use 
of, 130. 

softening water with, 186, 189, 190* 

— chloride, action of, on iron, 97, lOi, 

in photography, 144. 

Bea water, 102, 105, 108. 

water, 4, 14, 34, ioi. 

solubility of, 30. 

— treating soapy effluents with, 276. 

— salts in brewing, 173, I74» ^75* 

I — . in water, quantification of, 343. 

tests lor, 307. 

silicate as a boiler cleanser, 49, 53i 54* 
Softening feed water by heat, 69. 

water by precipitation, 52, 53, 54» 6°) 
61, 65, 70. 

Solden’s filter, 245. 

Solution, co-efficient of, 22, 23, 104. 

— laws of, 21. 

Solvent action of water, 2, 9, xi, 21, 24, 27, 


Suite, action of, on iron, 96, 97* 9 ^» 
io^» 

Batumted Rolutions, 34, toy, 
Haturometet, om of, 103, 104* 

Scak, conductivity of, 40* 

— prevention in boilers, 55. 
HehWwing'a purifying process, afir. 
Hchmit«’ dccantetiun apparatus, 50. 
HwU* 8 purifying process, 256 . 
Heourlng*watcri, treatment of, 274, 299, 


Bca water, i4, 34» tt\u ^ 

^ chloride of iiodtum in, loa, 105, 108, 
distillation of, tg. 

' I by dbilllation, loa, 105. 


purifying 


- eketrogenet, log. 
with caustic baryta, it 2. 
lime, ito, iifi. 
sulphate of calcium in, loa, 107, 108 
mt of, in boilers, toa, 118. 

Beguy’s steriliaing apparatus, asB' 

Seukfs, GailktX I99“aai7; 

Howmc, chemical purifying of, aoi-aOo, 


285, aqti. ^ ^ 

-- otectrical treatment of, 253, 207, aog. 
filtration of, 

-- purifying by pyrites, afia, 263, 293. 
Silica in water, quantiEcation of, 340* 


32. 

Spring water, 8, 15, 101. 

Steam, purifying water by, 227-29- 
Bteam separators, 117, 118. 

softening of feed water, 62, 03, 05-72. 
Sterilised water, 160, 178. 

Steriliser, Blanc’s, 248. 

— Houdard’s, 349. 

Vaiilard’s, 248. 

Sterilising by filtration, 347. 

— — heat, 247-251. 

ojsone, 352-256. 

permanganate of lime, 251. 

, permanganate of potash, 251, 205.. 

^ ^ peroxide of chlorine, 25a. 
chemical, 251-56. 


jguy’s apparatus, 253. 
r as a boiler cleanser, 46, 47. 
fining by osmosis, 154. 

. filtering water for, 15 1. 

- magnesium chloride in, 153- 

- preparing water for, 15^* ^53* 

- testing water for, 153. 

- water, in, 15 1. 
j-boilers, encrustation of, 
r-tnaking, alkaline chlorides in, xs^*" 
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Suint-watera, treatment of, ;4Hi* 

Sulphate feed waters, 53* 

— of iron in water, 3, 15, gH, uhi. 

waters in brewing, lyi, 17^, 173- 
Sulphates in water, tiiuvntification «l, 335* 
^ tests for, 31 u. 

Sulphide of iron, purifying by, Jyi, 

^ waters in photography, i.}4* 

Sulphides in water, tests for, 305. 
Sulphocyanides in water, tests for, 30^?. 
Sulphuretted hydrogen, action oi, on iron, 

99. Kii. 

in water, 10, gg, tot, 

Sulphuric acid, action of, on iron, 95, 

lOX, 

Sulphurous acid, action of, on iron, m, 

treating soapy elBuants with, aHi, 
28H, ac)3. 

Suspension of matter in water, u, 34, 197* 
Suvern’s purifying process, 


T, 

Talc, as a boiler cleamier, 43. 
Tannin-making, water in, 139. 

Tanning, preparing water for, 13d. 

— ferric salti In, 137. 

Tannins as boiler cleansers, 45. 

Tar as a ballw cleanwr, 44, 

Temperature, effect of, on wiluhtlUy, ^4, 17* 

TromsdorTs reagern for niiroui add, pg. 


V, 

Vailkrd’a steriliMf, 

Vohl's treatment of «mpy ifduente, ^7%. 


W, 

Wwh-wtters, mcovery of pottth from* 374* 

Water, atration of, 19. 

-»« analydi of, jtM>, 
and yeaits, |8|, 

— bacteria in, ifro, 16*, i&a, t§s, 17ft, 177, 

iSo, i8t, asb, 

«— chemical compoiitloo of, i, Uh Ji, 

daM?fkaUon of, 5, ife 

— corrosive action of, |o, 74®* iH, 

— distllW, S, ii, tUh S«KJu 
eroiive action of, to. 


W'ater, for malting, 

-- unhairing hsifrn, 1 

impurair^4 in, 1, 4. •%, n», ir», tg, 33, 

49. 73. Of. 94. M7. W. t mi^ £411, 144, 
H9* 

— ifuhmtfl.1l of, 4, 40, 47, 

.••■■< in tidrr •mrfking, itn, tfu. 

t*4|u’i nuikmg, i. 10^134- 
i -U|* s 

. - ■■ nugar frjfmitig, i^t, 

— taninn--uukmg. 1 
U'WkI r*llt4Cla, t 

. - Wad cont4muiaiiotM»l, 1^9, 

-- preparing for phott.gMfdiv, 143, m, 

1 49. $v». 

I arming, 1 4^*. 

— pufihcaimn ui, bv tgj. 

■ putifyiog by hisiatoui. an, 

441, H7> 

-- ■• ■■ b«f ■Mi4p-ff»akmg, 8 If- 

- With s ‘"*1- 

...,-« liiiiiiT. tM|, hh, 4 80. JI4, J 1 4, 317, 
J3x*, 44J. 

— • - wa||iirs.m* iHr., 

.. • i%'*% Jsts, J34. 

rrmiduaiv. itrasuwui of. ,5^*1, 174. 

— ^iflrnmg by pfetifjsaimn, 4, 34, 47, 

.|H. 49, 111!, j 40, iba, 

■ fm lawmlty work. 1 14. 

■•■■• with wdnim til*, *%, 

-- i4d%ent ai^Uori of, 4, «i. «S, ii* 44, 37, 

.43. 

-■■ itt tmitm m* 13. y. 

teste tm m, |sm i«i, 4*^^ 

WrlMrf% piuifysnii 

Wull 9, 

Wiml as iMnIr* 4S« #. 

•• - um «»f wMpt m. 8 1^- 

-- lihiff filtet#. J« 8 

■ thavifig*. ^'®lli. 14, 

Wwd’m-wkmg til. 474, 

J7l. is I, mh 

wofkt. «f fete 9i. M77, aii. 3it, 

m. 

¥. 

Veaite.witet iwil. tfc, tM- 
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/lOC i.i a tolrl cfeatmfJi. I I. 13^*1- 
- in %utm, tests te#. laii, 
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